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REGULATORY SEQUENCES FOR EXPRESSING 
GENE PRODUCTS IN PLANT REPRODUCTIVE 

TSSUE 

REFERENCE TO MATERIAL SUBMITTED ON 
COMPACT DISC 

0001. The Sequence Listing associated with the instant 
disclosure has been submitted as a 1.04 MB file on CD-R (in 
duplicate) instead of paper. Each CD-R is marked in indel 
ible ink to identify the Applicants, Title, File Name 
(70369USNPST25.txt), Creation Date (Aug. 14, 2006), 
Computer System (IBM-PC/MS-DOS/MS-Windows), and 
Docket No. (70369USNP). The Sequence Listing submitted 
on CD-R is hereby incorporated by reference into the instant 
disclosure. 

FIELD OF THE INVENTION 

0002 The present invention includes expression cassettes 
that contain regulatory sequences derived from a target gene, 
for example, regulatory sequences from the MADS gene 
family, for tissue specific expression of recombinant gene 
products in plants. 

BACKGROUND OF THE INVENTION 

0003. In agricultural biotechnology, plants can be modi 
fied according to one’s needs. One way to accomplish this 
is by using modern genetic engineering techniques. For 
example, by introducing a gene of interest into a plant, the 
plant can be specifically modified to express a desirable 
phenotypic trait. For this, plants are transformed most com 
monly with a heterologous gene comprising a promoter 
region, a coding region and a termination region. When 
genetically engineering a heterologous gene for expression 
in plants, the selection of a promoter is often a critical factor. 
While it may be desirable to express certain genes consti 
tutively, i.e. throughout the plant at all times and in most 
tissues and organs, other genes are more desirably expressed 
only in response to particular stimuli or confined to specific 
cells or tissues. 

0004 Promoters consist of several regions that are nec 
essary for full function of the promoter. Some of these 
regions are modular, in other words they can be used in 
isolation to confer promoter activity or they may be 
assembled with other elements to construct new promoters. 
The first of these promoter regions lies immediately 
upstream of the coding sequence and forms the “core 
promoter region' containing consensus sequences, normally 
20-70 base pairs immediately upstream of the coding 
sequence. The core promoter region contains a TATA box 
and often an initiator element as well as the initiation site. 
The precise length of the core promoter region is not fixed 
but is usually well recognizable. Such a region is normally 
present, with Some variation, in most promoters. The base 
sequences lying between the various well-characterized ele 
ments appear to be of lesser importance. The core promoter 
region is often referred to as a minimal promoter region 
because it is functional on its own to promote a basal level 
of transcription. 
0005 The presence of the core promoter region defines a 
sequence as being a promoter: if the region is absent, the 
promoter is non-functional. The core region acts to attract 
the general transcription machinery to the promoter for 
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transcription initiation. However, the core promoter region 
is insufficient to provide full promoter activity. A series of 
regulatory sequences, often upstream of the core, constitute 
the remainder of the promoter. The regulatory sequences 
determine expression level, the spatial and temporal pattern 
of expression and, for a Subset of promoters, expression 
under inductive conditions (regulation by external factors 
Such as light, temperature, chemicals and hormones). Regu 
latory sequences may be short regions of DNA sequence 
6-100 base pairs that define the binding sites for trans-acting 
factors, such as transcription factors. Regulatory sequences 
may also be enhancers, longer regions of DNA sequence that 
can act from a distance from the core promoter region, 
Sometimes over several kilobases from the core region. 
Regulatory sequence activity may be influenced by trans 
acting factors including general transcription machinery, 
transcription factors and chromatin assembly factors. 
0006 Frequently, it is desirable to have tissue-specific 
expression of a gene of interest in a plant. Tissue-specific 
promoters promote expression exclusively in one set of 
tissues without expression throughout the plant, tissue 
preferred promoters promote expression at a higher level in 
a Subset of tissues with significantly less expression in the 
other tissues of the plant. For example, one may desire to 
express a value-added product only in corn seed but not in 
the remainder of the plant. Another example is the produc 
tion of male sterility by tissue-specific ablation. 
0007 Tissue specific promoters may be expressed in 
specific tissue at a specific time or times during the plant 
growth cycle. However, Sufficient expression levels of gene 
products, especially those gene products directed to expres 
sion in specific tissues, is difficult to obtain. Iyer M., et al. 
(2001). It is known that the 5' untranslated leader sequence 
of mRNA, introns, and the 3' untranslated region of mRNA 
effect expression for particular genes. For example, Sie 
burth, L. E. and Meyerowitz, E. M. (1997) show that 
intragenic sequences appear to be necessary for the expres 
sion of the AGAMOUS (AG) gene, an Arabidopsis MADS 
box gene, in the distinct expression patterns of normal early 
and later flower development. Larkin J. C., et al. (1993) 
show that deletion of the 3' noncoding region of the Arabi 
dopsis GLABROUS1 (GL1) gene negatively affects GL1 
function. However, to date, identifying and specific regula 
tory regions and incorporating them into a robust trait 
delivery platform has not been accomplished. 
0008 Important aspects of the present invention are 
based on the discovery that DNA sequences from the MADS 
gene family are exceptionally useful in the development of 
robust expression cassettes that express recombinant genes 
in the reproductive tissues of plants. 

SUMMARY OF THE INVENTION 

0009. The present invention includes a number of differ 
ent aspects, including specific regulatory control of trans 
gene expression in plants by identifying regulatory 
sequences from the MADS gene family and incorporating 
Such sequences into expression cassettes for expression of 
recombinant gene products in the reproductive tissue of 
plants. 

0010. The present invention relates to a method of con 
structing expression cassettes by identifying the target gene, 
using the relevant cDNA sequence to annotate the gldNA 
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sequence for the purpose of identifying regulatory sequences 
of the target gene, and incorporating one or more of the 
regulatory sequences into an expression cassette with a 
nucleic acid molecule. A plant transformed with an expres 
sion cassette of the invention expresses the product of the 
nucleic acid molecule in a manner that mimics the expres 
sion of the target gene. 
0011. The present invention relates to the specific regu 
latory control of transgene expression in plants, and includes 
targeting transgene expression to developing reproductive 
tissue in maize, rice and other monocots. Use of the expres 
sion cassettes of the present invention includes expressing a 
glucose or Sucrose transporter to increase reproductive sink 
strength. Sink strength can also be increased by flower 
specific expression of an invertase gene or one or more of 
the trehalose metabolism genes. The invention further 
encompasses enhancing the capacity for Small molecule 
uptake via increased expression of specific transporters. 

DEFINITIONS 

0012. The terms “open reading frame” and “ORF refer 
to the amino acid sequence encoded between translation 
initiation and termination codons of a coding sequence. The 
terms “initiation codon’ and “termination codon” refer to a 
unit of three adjacent nucleotides (codon) in a coding 
sequence that specifies initiation and chain termination, 
respectively, of protein synthesis (mRNA translation). 
0013 The term "abiotic stress” refers to nonliving envi 
ronmental factors such as frost, drought, excessive heat, 
high winds, etc., that can have harmful effects on plants. 
0014. The term “nucleic acid refers to a polynucleotide 
of high molecular weight which can be single-stranded or 
double-stranded, composed of monomers (nucleotides) con 
taining a Sugar, phosphate and a base which is either a purine 
or pyrimidine. A “nucleic acid fragment is a fraction of a 
given nucleic acid molecule. In higher plants, deoxyribo 
nucleic acid (DNA) is the genetic material while ribonucleic 
acid (RNA) is involved in the transfer of information 
contained within DNA into proteins. A “genome' is the 
entire body of genetic material contained in each cell of an 
organism. The term “nucleotide sequence” refers to a poly 
mer of DNA or RNA which can be single- or double 
Stranded, optionally containing synthetic, non-natural or 
altered nucleotide bases capable of incorporation into DNA 
or RNA polymers. Unless otherwise indicated, a particular 
nucleic acid sequence of this invention also implicitly 
encompasses conservatively modified variants thereof (e.g. 
degenerate codon Substitutions) and complementary 
sequences and as well as the sequence explicitly indicated. 
Specifically, degenerate codon Substitutions may be 
achieved by generating sequences in which the third position 
of one or more selected (or all) codons is substituted with 
mixed-base and/or deoxyinosine residues (Batzer, et al., 
Nucleic Acid Res. 19:5081 (1991); Ohtsuka, et al., J. Biol. 
Chem. 260:2605-2608 (1985); and Rossolini, et al., Mol. 
Cell. Probes 8:91-98 (1994)). The term nucleic acid is used 
interchangeably with gene, cDNA, and mRNA encoded by 
a gene. 

0015 “Operably-linked” refers to the association of 
nucleic acid sequences on a single nucleic acid fragment so 
that the function of one is affected by the other. For example, 
a promoter is operably-linked with a coding sequence or 
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functional RNA when it is capable of affecting the expres 
sion of that coding sequence or functional RNA (i.e., that the 
coding sequence or functional RNA is under the transcrip 
tional control of the promoter). Coding sequences in sense 
or antisense orientation can be operably-linked to regulatory 
Sequences. 

0016 “Promoter refers to a nucleotide sequence, usually 
upstream (5') to its coding sequence, which controls the 
expression of the coding sequence by providing the recog 
nition for RNA polymerase and other factors required for 
proper transcription. “Promoter regulatory sequences' con 
sist of proximal and more distal upstream elements. Pro 
moter regulatory sequences influence the transcription, RNA 
processing or stability, or translation of the associated cod 
ing sequence. Regulatory sequences include enhancers, pro 
moters, untranslated leader sequences, introns, and polyade 
nylation signal sequences. They include natural and 
synthetic sequences as well as sequences that may be a 
combination of synthetic and natural sequences. An 
"enhancer is a DNA sequence that can stimulate promoter 
activity and may be an innate element of the promoter or a 
heterologous element inserted to enhance the level or tissue 
specificity of a promoter. It is capable of operating in both 
orientations (normal or flipped), and is capable of function 
ing even when moved either upstream or downstream from 
the promoter. The meaning of the term “promoter' includes 
“promoter regulatory sequences.” 

0017) “Primary transformant” and “TO generation” refer 
to transgenic plants that are of the same genetic generation 
as the tissue that was initially transformed (i.e., not having 
gone through meiosis and fertilization since transformation). 
“Secondary transformants’ and the “T1, T2, T3, etc. gen 
erations' refer to transgenic plants derived from primary 
transformants through one or more meiotic and fertilization 
cycles. They may be derived by self-fertilization of primary 
or secondary transformants or crosses of primary or second 
ary transformants with other transformed or untransformed 
plants. 

0018 “Gene' refers to a nucleic acid fragment that 
expresses mRNA, functional RNA, or specific protein, 
including regulatory sequences. The term "Native gene’ 
refers to a gene as found in nature. The term "chimeric gene’ 
refers to any gene that contains 1) DNA sequences, includ 
ing regulatory and coding sequences, that are not found 
together in nature, or 2) sequences encoding parts of proteins 
not naturally adjoined, or 3) parts of promoters that are not 
naturally adjoined. Accordingly, a chimeric gene may com 
prise regulatory sequences and coding sequences that are 
derived from different Sources, or comprise regulatory 
sequences and coding sequences derived from the same 
Source, but arranged in a manner different from that found 
in nature. A “transgene' refers to a gene that has been 
introduced into the genome by transformation and is stably 
maintained. Transgenes may include, for example, genes 
that are either heterologous or homologous to the genes of 
a particular plant to be transformed. Additionally, transgenes 
may comprise native genes inserted into a non-native organ 
ism, or chimeric genes. The term “endogenous gene’ refers 
to a native gene in its natural location in the genome of an 
organism. A “foreign' gene refers to a gene not normally 
found in the host organism but one that is introduced into the 
organism by gene transfer. 
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0.019 “Expression cassette' as used herein means a DNA 
sequence capable of directing expression of a particular 
nucleotide sequence in an appropriate host cell, comprising 
a promoter operably linked to the nucleotide sequence of 
interest which is operably linked to termination signals. It 
also typically comprises sequences required for proper trans 
lation of the nucleotide sequence. The coding region usually 
codes for a protein of interest but may also code for a 
functional RNA of interest, for example antisense RNA or a 
nontranslated RNA, in the sense or antisense direction. The 
expression cassette comprising the nucleotide sequence of 
interest may be chimeric, meaning that at least one of its 
components is heterologous with respect to at least one of its 
other components. 
0020 “Intron” refers to an intervening section of DNA 
which occurs almost exclusively within a eukaryotic gene, 
but which is not translated to amino acid sequences in the 
gene product. The introns are removed from the pre-mature 
mRNA through a process called splicing, which leaves the 
exons untouched, to form an mRNA. For purposes of the 
present invention, the definition of the term “intron 
includes modifications to the nucleotide sequence of an 
intron derived from a target gene, provided the modified 
intron does not significantly reduce the activity of its asso 
ciated 5' regulatory sequence. 

0021) “Exon” refers to a section of DNA which carries 
the coding sequence for a protein or part of it. Exons are 
separated by intervening, non-coding sequences (introns). 
For purposes of the present invention, the definition of the 
term “exon' includes modifications to the nucleotide 
sequence of an exon derived from a target gene, provided the 
modified exon does not significantly reduce the activity of 
its associated 5' regulatory sequence. 

BRIEF DESCRIPTION OF THE FIGURES 

0022 FIGS. 1A and 1B are schematic representations of 
the OS.MADS5 cDNA and of the annotation of the 
OsMADS5 gDNA with OsMADS5 cDNA sequence. 
0023 FIG. 2A is a schematic representation of the 
OsMADS5 assembly vector. 
0024 FIG. 2B is a schematic representation of the 
OsMADS5 binary vector. 
0.025 FIG. 3 includes scanned images showing the his 
tochemical localization of OsMADS5-driven GUS activity 
in T1 maize 5 days before pollination in (A) the longitudinal 
section of the ear (B) cross sections of the ear, (C) ear node 
(ear removed), (D) node below ear node, (E) tassel (F) leaf 
and (G) silk. 
0026 FIG. 4 includes scanned images showing the his 
tochemical localization of OsMADS5-driven GUS activity 
in T1 maize after pollination in the (A) longitudinal and (B) 
cross sections of ear tissue harvested at 1 day after pollina 
tion; and (C) longitudinal and (D) cross sections of ear tissue 
harvested at two days after pollination. 
0027 FIG. 5 includes scanned images showing his 
tochemical localization of OsMADS5-driven GUS expres 
sion in T1 maize during kernel maturation in the (A) cross 
and (B) longitudinal sections of ear tissue harvested at 5 
days after pollination; in the (C) cross and (D) longitudinal 
sections of ear tissue harvested at 10 days after pollination; 
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and the (E) cross and (F) longitudinal sections of ear tissue 
harvested at 20 days after pollination FIGS. 6A and 6B are 
schematic representations of the OsMADS 6 cDNA and of 
the annotation of the OsMADS6 gDNA with OsMADS6 
cDNA sequence. 

0028 FIG. 7A is a schematic representation of the 
OsMADS6 assembly vector. 
0029 FIG. 7B is a schematic representation of the 
OsMADS6 binary vector. 
0030 FIG. 8 includes scanned images showing the his 
tochemical localization of OsMADS6-driven GUS expres 
sion in T1 maize vegetative tissue in the (A) silk at 2 days 
before pollination, and in the (B) leaf disc, (C) tassels and 
(D.E) longitudinal and cross section of the ear node at 8 days 
before pollination. 

0031 FIG. 9 includes scanned images showing the his 
tochemical localization of OsMADS6-driven GUS expres 
sion in T1 Maize ear tissue in the (A) longitudinal and (B) 
cross sections of the developing ear at 8 days before polli 
nation; and in the (C) longitudinal and (D) cross section of 
the developing ear at 2 days before pollination. 

0032 FIG. 10 includes scanned images showing the 
histochemical localization of OsMADS6-driven GUS 
expression in T1 maize ear tissue in the (A) cross and (B) 
longitudinal sections at 1 day of pollination, and in the (C) 
cross and (D) longitudinal sections at 3 days after pollina 
tion. 

0033 FIG. 11 include photocopies showing the his 
tochemical localization of OsMADS6-driven GUS expres 
sion in T1 maize ear tissue during maturation in the (A) 
longitudinal and (B) cross sections at 5 days after pollina 
tion, in the (C) longitudinal and (D) cross sections at 14 days 
after pollination, and in the (E) longitudinal and (F) cross 
sections and (G) kernel at 25 days after pollination. 
0034 FIG. 12 is a schematic representation of the anno 
tation of the OsMADS8 g|DNA with OsMADS8 cDNA 
Sequence 

0035 FIG. 13A is a schematic representation of the 
OsMADS8 assembly vector. 
0.036 FIG. 13B is a schematic representation of the 
OsMADS8 binary vector. 
0037 FIG. 14 includes scanned images showing the 
histochemical localization of OsMADS8-driven GUS 
expression in T1 maize in the (A) tassel, (B) leaf punch, (C) 
silk detached from florets, (D) ear node, (E) node beneath 
ear node, (F) cross section and (G) longitudinal section 
through the developing ear from tissue taken around 5 days 
before pollination. 

0038 FIG. 15 includes scanned images showing the 
histochemical localization of OsMADS8-driven GUS 
expression in T1 maize in (A) the cross and (B) longitudinal 
sections through the developing ear, and (C) the stained 
florets from tissue taken 3 days before pollination, and in the 
(E) cross and (F) longitudinal sections through the ears taken 
the day of pollination, and (F) cross and (G) longitudinal 
sections through ears taken 1 day after pollination, and (H) 
cross and (I) longitudinal sections through the ear taken 6 
days after pollination. 
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0.039 FIG. 16 includes scanned images showing the 
histochemical localization of OsMADS8-driven GUS 
expression in T1 maize in (A) cross and (B) longitudinal 
sections through the developing ear taken 11 days after 
pollination, and (C) cross and (D) longitudinal sections 
through the developing ear taken 14 days after pollination, 
and (E) cross and (F) longitudinal sections through the 
developing ear taken 20 days after pollination. 

0040 FIG. 17 is a schematic representation of the anno 
tation of the OsMADS13 g|DNA with OsMADS13 cDNA 
Sequence. 

0041 FIG. 18 is a schematic representation of the 
OsMADS 13 Assembly Vector. 

0.042 FIG. 19 is a schematic representation of the 
OsMADS13 Binary Vector. 

0.043 FIG. 20 includes scanned images showing the 
histochemical localization of OsMADS13-driven GUS 
activity in T1 maize taken 5 days before pollination in the 
first fully expanded leaf, the (B) silk; (C) tassel florets: (D) 
longitudinal section through developing ear; and (E) cross 
section through developing ear. 

0044 FIG. 21 includes scanned images showing the 
histochemical localization of OsMADS13-driven GUS 
activity in T1 maize taken approximately 5 days before 
pollination in (A) the first fully expanded leaf; (B) silk; (C) 
tassel florets; and in (D) the stalk section through the node 
from which the ear emerged. 

0045 FIG. 22 includes scanned images showing the 
histochemical localization of OsMADS13-driven GUS 
activity in T1 maize siblings taken from the longitudinal 
sections of developing ears approximately 7 days before 
pollination of (A) Sibling # 18 and (B) sibling #5 and from 
(C) the cross section and (D) longitudinal section of Sib #4 
at 5 days before pollination. 

0046 FIG. 23 includes scanned images showing the 
histochemical localization of OsMADS13-driven GUS 
activity in a maturing maize ear harvested 4 days after 
pollination (A, B), and harvested (C) 6-7 days after polli 
nation. 

0047 FIG. 24 is a scanned images showing the his 
tochemical localization of OsMADS 13-driven GUS activity 
in a maturing maize OsMADS13 ear harvested 21 days after 
pollination. 

0.048 FIG. 25 includes scanned images of T1 seed from 
plants transformed with (A) OsMADS5, (B) OsMADS6, (C) 
OsMADS8 and (D) OsMADS13. GUS expression was 
assessed by histochemical localization. Seeds were germi 
nated and grown for 10 days in axenic culture. Seedlings 
were vacuum infiltrated with histochemical reagent and 
incubated at 37° C. for 24 hours, then cleared with ethanol. 
There is very slight staining in the aerial tissue in (A), (C) 
and (D). Otherwise GUS activity was not detected. No GUS 
activity was observed in the roots. 

0049 FIGS. 26A and 26B shows an alignment of T6PP 
protein sequences. 

0050 FIG. 27A shows the OsMADS6-OsT6PP-Assem 
bly vector. 
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0051 FIG. 27B shows the OsMADS6-OsT6PP-Binary 
Vector. 

0.052 FIG. 28 shows the effect of the OsMADS6-T6PP-3 
transgene on yield in a drought stress study. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0053. The present invention includes a method for con 
structing expression cassettes based on identifying a target 
gene and incorporating into the expression cassettes modi 
fied regulatory elements of the selected target gene. For 
example, regulatory elements from genes that are expressed 
in roots, stalks, leaves, or reproductive tissues that provide 
insect resistance, herbicide tolerance, or abiotic stress tol 
erance are incorporated into expression cassettes for the 
purpose of producing a transgenic event in a plant that 
closely mimics the expression profile of the original target 
gene. Thus, the target gene may be identified from gene 
expression data. 

0054 The present invention is also directed to expression 
cassettes that incorporate the regulatory mechanisms of 
target genes of interest to express in plants the products of 
nucleic acid molecules of interest in a manner that mimics 
the expression profile of the original target genes. 

0055. The present invention further includes expression 
cassettes that incorporate 5'-MADS gene regulatory 
sequences to express the products of nucleic acid molecules 
in plant reproductive tissues, and further includes expression 
cassettes incorporating both MADS 5’- and 3'-regulatory 
Sequences. 

0056. The present invention also includes expression 
cassettes that incorporate 5'-MADS gene regulatory 
sequences, and further incorporate a 5'-MADS gene exon. 

0057 The present invention also includes expression 
cassettes that incorporate 5'-MADS gene regulatory 
sequences, and further incorporates a 5'-MADS gene exon, 
and a 5'-MADS gene intron. 
0058. The present invention further includes expression 
cassettes that incorporate 5'-MADS gene regulatory 
sequences, and further incorporates a 5'-MADS gene exon, 
a 5'-MADS gene intron, and a second exon. 

0059. The present invention also includes and further 
includes expression cassettes incorporating both MADS 5'- 
and 3'-regulatory sequences, wherein said 3'-regulatory 
sequence include the 3'-non-translated sequence, and the 
3'-nontranscribed sequence. 

0060 For purposes of this invention, the definition of the 
term “3'-non-translated sequence' includes includes modi 
fications to the nucleotide sequence of a 3'-non-translated 
sequence derived from a target gene, provided the modified 
3'-non-translated sequence does not significantly reduce the 
activity of its associated 3' regulatory sequence. 

0061 For purposes of this invention, the definition of the 
term “3'-nontranscribed sequence includes modifications to 
the nucleotide sequence of a 3'-nontranscribed sequence 
derived from a target gene, provided the modified 3'-non 
transcribed sequence does not significantly reduce the activ 
ity of its associated 3' regulatory sequence. The 3'-nontran 
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scribed sequence extends approximately 0.5 to 1.5 kb 
downstream of the transcription termination site. 

0062) The present invention also includes expression 
cassettes incorporating both MADS 5’- and 3'-regulatory 
sequences, wherein said 3'-regulatory sequence includes the 
3'-non-translated sequence, and the 3'-nontranscribed 
sequence, and may further include an intron of said MADS 
gene. 

0063. In general MADS genes contribute to the devel 
opment of plant reproductive structures (De Bodt et al., 
2003). For example, the DoMADS3 gene is expressed 
specifically in pedicel tissue (Yu and Goh, 2000). The genes 
of the OsMADS gene family were selected for expression 
cassette development because they encode MADS-tran 
Scription factors that are expressed in young rice flowers 
(Kang and An, 1997). The proteins encoded by genes of the 
OsMADS gene family are similar to the orchid DoMADS3 
gene (GenBank accession AF198176). The present inven 
tion recognizes that one method of stabilizing or increasing 
yield in monocots such as maize is to increase sink strength 
in reproductive tissue. Thus, transgenic methods for produc 
tion of plants having increased sink strength in reproductive 
tissue would benefit from the use of promoters that result in 
specific expression in a plants reproductive tissues. The 
present invention therefore includes the use of OsMADS 
gene 5'- and 3'-regulatory sequences in expression cassettes 
to target transgene expression to developing reproductive 
tissues. The MADS genes from which gene regulatory 
sequences were identified and utilized according to the 
present invention encode the following list of MADS pro 
teins (TABLE 1). The MADS proteins are compared by 
percent identity and similarity to the protein encoded by the 
DoMADS3 gene. 

TABLE 1. 

Whole Protein MADS Domain Only 

MADS gene identity similarity gaps identity similarity 

ABOO3322 42% S8% O% 68% 78% 
ABOO3324 59% 74% 3% 80% 95% 
ABOO3328 48% 64% O% 770, 91% 
AFO77760 40% 59% 296 64% 80% 
AFO95645 40% 61% 59 64% 90% 
AF139664 50% 66% 196 78% 95% 
AF13966S 48% 66% O% 80% 95% 
AF141964 40% 60% 11% 66% 86% 
AF141.96S 51% 67% O% 84% 91% 
AY174093 42% 63% O% 63% 87% 
AF2O4O63 60% 729% 3% 91% 98% 
AF345911 50% 68% 59 80% 95% 
AF424549 39% 59% 296 63% 87% 
AJ293816 359 52% 8% 65% 79% 
AY115556 39% 61% 196 60% 85% 
AY177695 39% S8% O% 66% 87% 
AY1776.96 38% 62% 4% 61% 87% 
AY177698 41% 61% 3% 68% 87% 
AY177699 379, 59% 3% 63% 78% 
AY177700 41% 61% O% 66% 87% 
AY177702 38% 59% 59 70% 89% 
AY224482 38% 59% 59 70% 89% 
AY250075 42% 67% 59 64% 88% 
L37527 379, 60% 59 63% 85% 
L37528 45% 68% 196 84% 94% 
U78891 62% 75% 4% 94% 99% 
U78782 S8% 69% 4% 91% 99% 
(OsMADS6) 
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TABLE 1-continued 

Whole Protein MADS Domain Only 

MADS gene identity similarity gaps identity similarity 

U78892 60% 7396 6% 94% 99% 
(OsMADS8) 
U78890 57% 729% 296 92% 97% 
(OsMADS5) 
AF151693 46% 67% 196 84% 94% 
(OsMADS13) 
AFO95646 55% 67% 6% 94% 99% 

0064. The present invention therefore includes an expres 
sion cassette for expression of a nucleic acid molecule 
product primarily in the reproductive tissue of a plant 
comprising a promoter, a first exon; a first intron, and a 
second exon of a MADS gene, wherein said promoter, first 
exon, intron, and second exon are the 5'-regulatory sequence 
of said expression cassette; wherein said 5'-regulatory 
sequence is engineered to include a translational initiation 
codon at approximately the 3'-end of said 5'-regulatory 
sequence, and not to contain restriction endonuclease sites 
that hinder manipulation by recombinant DNA methods or 
additional translation initiation codons upstream of said 
translation initiation codon; a 3-regulatory sequence of a 
MADS gene that does not to contain restriction endonu 
clease sites that hinder manipulation by recombinant DNA 
methods; and a nucleic acid molecule operably linked to said 
5'-regulatory sequence and said 3'-regulatory sequence. 

0065 Recombinant DNA methods require the presence 
of specific restriction endonuclease sites at the termini of the 
DNA molecules to be joined. The most efficient practice 
requires the sites in one molecule complement the sites in 
the other molecule. For example, a plasmid with SacI and 
Not restriction endonuclease sites is required to clone a 
gene of interest with SacI and Not I restriction endonuclease 
sites at its termini. Ideally, these sites are unique, that is they 
should not occur at any other place in either molecule. If 
these sites occur internally, they hinder manipulation by 
recombinant DNA methods and should be eliminated. Site 
directed mutagenesis is one method of eliminating Such 
sites. Techniques such as partial digestion followed by 
gel-purification of the appropriately sized fragment will also 
accomplish this without eliminating the internal restriction 
endonuclease sites, but are far less efficient and therefore 
less desirable. 

0066. The present invention recognizes that chemical 
synthesis, that is use of synthetic chemical technology as 
opposed enzyme-mediated technology, of a polynucleotide 
molecule can replace or substitute for recombinant DNA 
methods in the construction of a polynucleotide molecule 
comprising a specific nucleotide sequence. 

0067. The present invention further includes a method for 
constructing an expression cassette comprising the steps of 
selecting a target gene based on its expression data or its 
encoded protein's similarity to a protein encoded by another 
gene of interest, identifying the open reading frame on said 
target gene cDNA; identifying the positions of the transla 
tional start codon, translational stop codon, the first intron, 
first exon, second exon, the 3'-untranslated sequence and the 
3'-nontranscribed sequence of said target gene g|DNA by 
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using the cDNA to annotate the target gene g|DNA; incor 
porating into an expression cassette a 5'-regulatory sequence 
comprising said promoter, first exon, first intron, and second 
exon and a 3'-regulatory sequence comprising the 3'-un 
translated sequence and the 3'-nontranscribed sequence; and 
operably linking a nucleic acid molecule to said 5'-regula 
tory sequence and said 3'-regulatory sequence of said 
expression cassette, wherein said nucleic acid molecule is 
expressed in a manner that mimics the expression profile of 
said target gene of interest. 

EXAMPLE 1. 

Method of Constructing Expression Cassettes 
Comprising Regulatory Sequences from the MADS 

Gene Family 
1. Identifying target MADS genes. 
2. Identifying high quality sequence for both the targets 
genomic DNA (gDNA) and cDNA. 
3. Identifying the target gene's open reading frame on the 
cDNA. In general this is the longest open reading frame. 
0068 4. Using a candidate gene's cloNA sequence to 
annotate g|NA sequence and marking positions of the 
translation start codon, translation stop codon, introns, 
exons, the 5'-untranslated leader and the 3'-untranslated 
sequence. As is known in the art, marking the translation 
start codon and the translation stop codon identifies the 
5'-regulatory sequence and the 3'-regualtory sequence of the 
gene. According to the present invention, the promoter, 
which includes the promoter regulatory sequence, is the 
sequence that extends approximately 1.5 to 2.5 kb upstream 
from the translation start codon, wherein the 3'-regulatory 
sequence of the present invention includes the 3'-untrans 
lated sequence located immediately downstream of the 
translation stop codon and all or a part of the 3'-nontran 
scribed sequence, which extends 0.5 to 1.5 kb downstream 
of the transcription termination site. In one embodiment of 
the invention, the 5'-regulatory sequence includes the pro 
moter, the first exon, the first intron and the second exon. 
0069. By way of example only, FIGS. 1A and 1B illus 

trates annotating the OsMADS5 gDNA with the OsMADS5 
cDNA sequence. The gldNA contigs (AB026295 from Gen 
Bank and CL000624.108 (SEQ ID NO. 500) plus 
CL019873.131 (SEQ ID NO. 521) were aligned with 
OsMADS5 cDNA sequence (GenBank accession U78890). 
The cDNA sequence is broken into corresponding exons. 
The exons are labeled according to cDNA base numbers. 
Both sequences align precisely and the intervening 
sequences (introns) are flanked by GT . . . AG borders. Gaps 
in between exons represent introns. The AB026295 frag 
ment is a portion of the entire bacterial artificial chromo 
some (BAC) sequence. The AB026295 (promoter) is an 
additional fragment from that BAC which defines sequence 
used for promoter development. 
5. Designing expression cassettes that incorporate the fol 
lowing components from a MADS gene(s): 

0070 a. The promoter, a sequence that begins at the 
translation start codon and extends approximately 1.5 
to 2.5 kb upstream of the translation start codon. 

0.071) b. The first exon 
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0072 c. The first intron 
0073 d. The 5'-most portion of the second exon 

0074 e. The terminus, including the 3'-untranslated 
sequence and the 3'-nontranscribed sequence, which 
extends 0.5 to 1.5 kb downstream of the transcription 
termination site. The terminus can further include an 
intron. 

0075) For simplicity the “5'-regulatory sequence” of the 
present invention includes components a-d and the '3'- 
regulatory sequence of the present invention refers to 
component e. 

0076 6. Amplifying the 5'-regulatory sequence from the 
appropriate gldNA template by high-fidelity PCR and clon 
ing into a suitable bacterial vector. 
0077. The 5'-regulatory sequence from rice genomic 
DNA (gDNA) is amplified using high-fidelity PCR. A 50 LL 
reaction mixture contains 100 ng rice g|NA, 200 uM 
dNTPs (dATP, dCTP, dGTP, TTP), 1 uL 20 uM each of 
oligonucleotide primers designed to amplify the 5'-regula 
tory glCNA (Table 2), 1 uL 10x Expand High Fidelity buffer 
and 1 uL Expand High Fidelity polymerase (Roche Diag 
nostics, Cat. No. 1 759 078). The thermocycling program is 
95° C. for 2 minutes followed by 40 cycles of (94° C. for 15 
seconds, 68° C. for 7.5 minutes) followed by 68° C. for 10 
minutes. The 5'-regulatory glCNA product is cloned with the 
TOPOXL PCR cloning kit (Invitrogen, Cat. No.K4750-20). 
pCR-XL-TOPO-5'-regulatory-g)NA is identified by digest 
ing 5 uL pCR-XL-TOPO-5'-regulatory-g|DNA miniprep 
DNA (prepared using the QIAprep Spin Miniprep procedure 
from Qiagen, Cat. No. 27106) with EcoRI (New England 
Biolabs) in a 20 LL reaction containing 2 Jug BSA and 2 LL 
10x EcoRI restriction endonuclease buffer (New England 
Biolabs). The reaction is incubated at 37°C. for 2 hours and 
the pCR-XL-TOPO-5'-regulatory-gDNA (EcoRI) products 
are resolved on 1%. TAE agarose. The pCR-XL-TOPO-5'- 
regulatory-g|DNA clone is sequenced using the ABI PRISM 
dye terminator cycle sequencing kit (Perkin Elmer). 
7. Amplifying the '3'-regulatory sequence' from the appro 
priate g|NA template by high-fidelity PCR and clone into a 
suitable bacterial vector. 

0078. The 3'-regulatory sequence from rice g|NA is 
amplified using high-fidelity PCR. The 50 uL reaction 
mixture consists of 100 ng rice gldNA, 200 uM dNTPs, 1 uL 
20 uM each of the oligonucleotide primers designed to 
amplify the 3'-regulatory glCNA (Table 2), 1 uL 10x Expand 
High Fidelity buffer and 1 uL Expand High Fidelity poly 
merase. The thermocycling program is 95°C. for 2 minutes 
followed by 40 cycles of (94° C. for 15 seconds, 68° C. for 
7.5 minutes) followed by 68° C. for 10 minutes. The 
3'-regulatory glCNA product is cloned with the TOPO XL 
PCR cloning kit (Invitrogen, Cat. No.K4750-20) following 
manufactures instructions. The pCR-XL-TOPO-3'-regula 
tory-gDNA is identified by digesting 5 uL pCR-XL-TOPO 
3'-regulatory-gDNA miniprep DNA with EcoRI in a 20 LL 
reaction containing 2 Lig BSA and 2 LL 10x EcoRI restriction 
endonuclease buffer. The reaction is incubated at 37° C. for 
2 hours and the pCR-XL-TOPO-3'-regulatory-g)NA 
(EcoRI) products are resolved on 1%. TAE agarose. The 
pCR-XL-TOPO-3'-regulatory-g)NA clone is then 
sequenced. 
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8. Assembling the 5'-regulatory sequence and 3'-regulatory 
sequence in any bacterial plasmid. 
0079 The expression cassettes of the present invention 
were assembled in the vector pNOV6901, also known as the 
“Assembly Vector'. This vector contains the coding 
sequence for GUS reporter gene (which is disrupted by an 
intron to prevent bacterial expression) flanked at its 5'- and 
3'-termini by unique restriction sites (polylinkers) to facili 
tate recombinant DNA procedures. Any number of other 
vectors may be used as is known to those persons skilled in 
the art. 

9. Incorporating restriction sites in the expression cassettes, 
as necessary, to facilitate recombinant DNA procedures. 
0080. The “engineered translation initiation codon, 
below, is the ATG in the NcoI restriction site (CCATGG). If 
there are any NcoI restriction sites in the “expression 
cassette 5'-regulatory sequence they must be eliminated by 
mutagenesis. Likewise, restriction sites that are used to 
assemble the expression cassette must be eliminated by 
mutagenesis. Incorporation of the first intron in the “expres 
sion cassette 5'-regulatory sequence' requires the sequence 
be modified to avoid creating fusions between native coding 
sequence, which is normally translated into protein encoded 
by target gene, and the "gene of interest' (nucleic acid 
molecule) to be driven by the expression cassette. This is 
accomplished by any of a number of mutagenic procedures, 
including the procedure performed by the Stratagene 
QuikChange Multi Site-Directed Mutagenesis Kit (Cat. No. 
2005.13). Modifications to the expression cassette 5'-regu 
latory sequence include: 

0081 a. Modifying the target gene's natural translation 
initiation codon so that the target gene's protein coding 
sequence is silent. 

0082 b. Modifying any other translation initiation 
codons that exist in the sequence between the 
“silenced’ translation initiation codon and the “engi 
neered translation initiation codon to insure Such 
codons are not operable. 

0083 c. Modifying any NcoI sites in the 5'-regulatory 
Sequence. 

0084 d. Modifying restriction endonuclease sites, as 
necessary, to facilitate expression cassette assembly. 

0085. In this embodiment of the invention, the procedure 
does not eliminate nucleotides. Rather, it modifies them to 
preserve the length of the 5'-regulatory sequence in the 
expression cassette, yet still silencing the candidate gene's 
protein coding sequence. However, it is contemplated that 
one or more of the nucleotides could be eliminated to silence 
undesired protein expression, provided that 5'- and 3'-regu 
latory sequences of the cassette continue to enhance expres 
sion of the candidate gene in plant reproductive tissue. 
Furthermore, those skilled in the art do not consider it 
unreasonable to alter the sequence of nucleotides in a 
polynucleotide molecule comprising a regulatory sequence 
So long as the modified regulatory sequence retains a major 
ity of the activity associated with the original regulatory 
Sequence. 

0.086 Table 2 lists the primers designed to accomplish 
this task for each 5'-regulatory sequence derived from the 
MADS gene family. The Stratagene QuikChange Multi 
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Site-Directed Mutagenesis Kit uses each gene's pCR-XL 
TOPO-5'-regulatory-gldNA clone as a template and the 
primers listed to mutagenize that clone according to the 
present invention. The primers must contain a 5'-phosphate 
to work. Furthermore, alterations may require more than one 
round of mutagenesis. The modified pCR-XL-TOPO-5'- 
regulatory clone is sequenced using the ABI PRISM dye 
terminator cycle sequencing kit (Perkin Elmer). 
0087 10. Modifying, in some cases, the 3'-regulatory 
sequence to eliminate restriction endonuclease sites to facili 
tate recombinant DNA procedures. The “engineered trans 
lation initiation codon is the ATG in the Nicol restriction site 
(CCATGG). If there are any Ncol restriction sites in the 
“expression cassette 3'-regulatory sequence they must be 
eliminated by mutagenesis. Again, this is accomplished any 
of a number of mutagenic procedures. The present invention 
therefore includes: 

0088 a. Modifying any Ncol sites in the 3'-regulatory 
Sequence. 

0089 b. Modifying restriction endonuclease sites, as 
necessary, to facilitate expression cassette assembly. 

0090. In this embodiment of the present invention, the 
procedure does not eliminate nucleotides. Rather, it modifies 
them to preserve the length of the 3'-regulatory sequence in 
the expression cassette. However, it is contemplated that one 
or more of the nucleotides could be eliminated to silence 
undesired protein expression, provided that 5'- and 3'-regu 
latory sequences of the cassette continue to enhance expres 
sion of the candidate gene in plant reproductive tissue. 
Furthermore, those skilled in the art do not consider it 
unreasonable to alter the sequence of nucleotides in a 
polynucleotide molecule comprising a regulatory sequence 
So long as the modified regulatory sequence retains a major 
ity of the activity associated with the original regulatory 
sequence. Table 2 lists the primers designed to accomplish 
this task for each 3'-regulatory sequence derived from the 
MADS gene family. Each gene's pCR-XL-TOPO-3'-regu 
latory-g)NA clone is used as a template and the primers 
listed are used to mutagenize these clones. The modified 
pCR-XL-TOPO-3'-regulatory clones are sequenced. 
11. Cloning the 3'-regulatory sequence into pNOV6901, 
using PCR with the modified pCR-XL-TOPO-3'-regulatory 
clone as template and the appropriate primer set disclosed in 
Table 2. 

0091. These primers are a 5'-oligonucleotide primer that 
introduces unique restriction site from the GUS 3'-terminal 
polylinker in pNOV6901 and 3'-oligonucleotide primer that 
introduces a rare cutting restriction site (either AscI. PacI. 
SgfI or Rsr|I) followed by a restriction endonuclease site 
unique to the 3'-terminal polylinker. In Table 2, these prim 
ers are listed as “primers to clone 3'-regulatory sequence in 
pNOV6901". 
0092 High-fidelity PCR is used to amplify the 3'-regu 
latory sequence from the modified pCR-XL-TOPO-3'-regu 
latory clone. A 50 LL reaction mixture consists of 1 LIL 
miniprep DNA, 200 uM dNTPs, 1 uL each of 20 uM 
oligonucleotide primers (Table 2), 5 uL 10x Cloned PFU 
buffer and 2.5 Units of Pfuturbo DNA polymerase (Strat 
agene, Cat. No. 600252). The thermocycling program was 
95° C. for 30 seconds then 40 cycles of (95° C. for 10 
seconds, 50° C. for 60 seconds, 72° C. for 6 minutes) then 
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72°C. for 10 minutes. The amplified 3'-regulatory sequence 
DNA fragment is recovered using the QTAquick PCR puri 
fication kit (Qiagen, Cat. No. 28.106). The recovered 3'-regu 
latory sequence DNA fragment is precipitated with 20 Jug 
glycogen, 0.3 M CHCOONa (pH 5.2) and 2.5 volumes 
ethanol at -20°C. for more than 2 hours. The 3'-regulatory 
sequence DNA fragment is recovered by micro centrifuga 
tion, washed with 70% ethanol, dried under vacuum and 
resuspended in 14 uD ddH2O. The 3'-regulatory sequence 
DNA fragment is digested in a 20 Jull reaction containing 2 
Jug BSA, 2 LL of the appropriate 10x restriction endonu 
clease buffer and 2 LL of the appropriate restriction endo 
nuclease(s). The reaction is incubated at 37° C. for more 
than 6 hours. The digested 3'-regulatory sequence DNA 
products are resolved on 1.0%. TAE agarose and the appro 
priate 3'-regulatory sequence (digested) band is excised. The 
3'-regulatory sequence (digested) DNA is extracted and 
recovered using the QIAquick Gel extraction kit (Qiagen, 
Cat. No. 28704). The recovered 3'-regulatory sequence 
(digested) DNA is ethanol precipitated with glycogen car 
rier. The 3'-regulatory sequence (digested) DNA fragment is 
recovered by micro centrifugation, washed with 70% etha 
nol, dried under vacuum and resuspended in 5 LL ddH2O. 

0093. 2 ug of pNOV6901 miniprep DNA is digested in a 
20 uL reaction mixture containing 2 Jug BSA, 2 LL of the 
appropriate 10x restriction endonuclease buffer (used to 
generate the 3'-gene regulatory sequence.) and 2 LL of the 
appropriate restriction endonuclease (used to generate the 
3'-gene regulatory sequence). The reaction mixture is incu 
bated at 37° C. for more than 6 hours, then at 70° C. for 20 
minutes. Then 1 u, of the appropriate 10x restriction 
endonuclease buffer, 1 uL 1 Unit/LL calf-intestinal alkaline 
phosphatase (CIP-New England Biolabs) and 8 ul, ddHO is 
added to the reaction mixture and incubated at 37° C. for 30 
minutes. The pNOV6901 (digested/CIP) DNA is resolved 
on 1.0% TAE agarose and the 4.7 kbpNOV6901 (digested/ 
CIP) band is excised. The pNOV6901 (digested/CIP) DNA 
is extracted and recovered using the QIAquick Gel extrac 
tion kit (Qiagen, Cat. No. 28704). The recovered 
pNOV6901 (digested/CIP) DNA is ethanol precipitated with 
glycogen carrier. The pNOV6901 (digested/CIP) DNA is 
recovered by micro centrifugation, washed with 70% etha 
nol, and dried under vacuum and resuspend in 5 L ddH2O. 
0094 4.0 LL 3'-regulatory sequence (digested) is ligated 
to 4.0 L pNOV6901 (digested/CIP) in a 10 uL ligation 
mixture containing 1 uL 10x T4 DNA ligase buffer and 1 uL 
T4 DNA ligase (400 Units/uIL-New England Biolabs). The 
ligation mixture is incubated for more than 8 hours at 16°C. 
5.0 uL of ligation mixture is transformed into 50 uL Top 10 
competent cells (Invitrogen, Cat. No. C4040–03). The 
pNOV6901-3'-regulatory-sequence recombinants are veri 
fied by digesting 2 ul, pNOV6901-3'-regulatory-sequence 
miniprep DNA with 1 uL of the appropriate restriction 
endonuclease in 10 LL reactions containing 1 Jug BSA and 1 
uL of the appropriate 10x restriction endonuclease buffer. 
Digests are incubated at 37° C. for 2 hours then resolved on 
1%. TAE agarose. The positive pNOV6901-3'-regulatory 
sequence recombinants are sequenced. 

12. Cloning the 5'-regulatory sequence into pNOV6901-3'- 
regulatory-sequence, using PCR with the modified pCR-XL 
TOPO-5'-regulatory clone as template and the appropriate 
primer set disclosed in Table 2. 
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0095 These primers are a 5'-oligonucleotide primer that 
introduces the same rare cutting restriction site used for the 
3'-regulatory sequence preceded by a unique restriction 
endonuclease site in the 5'-terminal polylinker of 
pNOV6901 and a 3'-oligonucleotide primer that introduces 
an NcoI site preceded by a Kozak sequence (CCACCATGG) 
at the “engineered translation initiation codon. Table 2 lists 
these primers as “primers to clone 5'-regulatory sequence in 
pNOV6901". 
0.096 High-fidelity PCR is used to amplify the 5'-regu 
latory sequence from the modified pCR-XL-TOPO-5'-regu 
latory clone. A 50 LL reaction mixture consists of 1 LIL 
miniprep DNA, 200 uM dNTPs, 1 uL each of 20 uM 
oligonucleotide primers (Table 2), 5 uL 10x Cloned PFU 
buffer and 2.5 Units of Pfuturbo DNA polymerase (Strat 
agene, Cat. No. 600252). The thermocycling program was 
95° C. for 30 seconds then 40 cycles of (95° C. for 10 
seconds, 50° C. for 60 seconds, 72° C. for 6 minutes) then 
72°C. for 10 minutes. The amplified 5'-regulatory sequence 
DNA fragment is recovered using the QIAquick PCR puri 
fication kit. The recovered 5'-regulatory sequence DNA 
fragment is ethanol precipitated with glycogen carrier. The 
5'-regulatory sequence DNA fragment is recovered by micro 
centrifugation, washed with 70% ethanol, dried under 
vacuum and resuspended in 14 uL ddHO. The 5'-regulatory 
sequence DNA fragment is digested in a 20 LL reaction 
containing 2 ug BSA, 2 LL of the appropriate 10x restriction 
endonuclease buffer and 2 LL of the appropriate restriction 
endonuclease(s). The reaction is incubated at 37° C. for 
more than 6 hours. The digested 5'-regulatory sequence 
DNA products are resolved on 1.0%. TAE agarose and the 
appropriate 5'-regulatory sequence (digested) band is 
excised. The 5'-regulatory sequence (digested) DNA is 
extracted and recovered using the QIAquick Gel extraction 
kit (Qiagen, Cat. No. 28704). The recovered 5'-regulatory 
sequence (digested) DNA is ethanol precipitated with gly 
cogen carrier. The 5'-regulatory sequence (digested) DNA 
fragment is recovered by micro centrifugation, washed with 
70% ethanol, dried under vacuum and resuspended in 5 LL 
ddH.O. 
0097 2 g of the pNOV6901-3'-regulatory-sequence 
miniprep DNA is digested in a 20 LI reaction containing 2 
Jug BSA, 2 LL of the appropriate 10x restriction endonu 
clease buffer and 2 LL of the appropriate restriction endo 
nuclease. The reaction is incubated at 37° C. for more than 
6 hours, then at 70° C. for 20 minutes. Then 1 uL of the 
appropriate 10x restriction endonuclease buffer, 1 uL 1 
Unit/ul CIP and 8 ul, ddHO are added to the reaction and 
it is further incubated at 37° C. for 30 minutes. The 
pNOV6901-3'-regulatory-sequence (digested/CIP) DNA is 
resolved on 1.0% TAE agarose and the pNOV6901-3'- 
regulatory-sequence (digested/CIP) band is excised. The 
pNOV6901-3'-regulatory-sequence (digested/CIP) DNA is 
extracted and recovered. The recovered pNQV6901-3'-regu 
latory-sequence (digested/CIP) DNA is ethanol precipitated 
with glycogen carrier. The pNOV6901-3'-regulatory-se 
quence (digested/CIP) DNA is recovered by micro centrifu 
gation, washed with 70% ethanol, dried under vacuum and 
resuspended in 5 uL ddH.O. 
0098 4.0 uL of the 5'-regulatory sequence (digested) is 
ligated to 4.0 L pNOV6901-3'-regulatory-sequence 
(digested/CIP) in a 10 LIL ligation mixture containing 1 uL 
10x T4 DNA ligase buffer and 1 uL T4 DNA ligase (400 
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Units/ul). The ligation mixture is incubated for more than 8 
hours at 16°C. 5.0 uL of ligation mixture is transformed into 
50 uL Top 10 competent cells. The pNOV6901-3/5'-regula 
tory-sequence recombinants are verified by digesting 2 LL 
pNOV6901-3/5'-regulatory-sequence miniprep DNA with 1 
LL of the appropriate restriction endonuclease in 10 uL 
reaction mixtures containing 1 Jug BSA and 1 LL of the 
appropriate 10x restriction endonuclease buffer. Digests are 
incubated at 37° C. for 2 hours then pNOV6901-3/5'- 
regulatory-sequence (digested) DNA is resolved on 1%. TAE 
agarose. The positive pNOV6901-3/5'-regulatory-sequence 
recombinants are sequenced. 
0099. The expression cassette of the present invention 
includes a GUS reporter construct in the Assembly Vector. It 
is flanked by the engineered, rare-cutting restriction site. In 
this embodiment of the present invention the GUS reporter 
gene can be replaced with any gene of interest using 
methods known to those individuals skilled in the art. 

13. The expression cassette can now be mobilized into the 
agrobacterium binary vector pNOV6900, by digesting the 
assembly vector with the rare-cutting enzyme and purifying 
the cassette DNA. 

0100 2 ug pNOV6900 is digested in a 20 uL reaction 
mixture containing 2 Lig BSA, 2 LL of the appropriate 10x 
restriction endonuclease buffer and 2 LL of the appropriate 
restriction endonuclease. The reaction mixture is incubated 
at 37° C. for more than 6 hours, then at 70° C. for 20 
minutes. Then 1 u, of the appropriate 10x restriction 
endonuclease buffer, 1 uL 1 Unit/LILCIP and 8 uI ddHO are 
added to the reaction and it is further incubated at 37° C. for 
30 minutes. 2 g of the pNOV6901-3/5'-regulatory-se 
quence miniprep DNA is digested in a 20 LL reaction 
containing 2 Lig BSA, 2 LL of the same 10x restriction 
endonuclease buffer used for pNOV6900 and 2 uL of the 
same restriction endonuclease used for pNOV6900. The 
reaction is incubated at 37° C. for more than 6 hours. 
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0101 The digested plasmid DNA, pNOV6900 (digested/ 
CIP) and pNOV6901-3/5'-regulatory-sequence (digested) 
are resolved on 1.0% TAE agarose and the 9.2 kb 
pNOV6900 (digested/CIP) and the appropriate pNOV6901 
3/5'-regulatory-sequence (digested) bands are excised. The 
pNOV6900 (digested/CIP) and the pNOV6901-3"/5'-regula 
tory-sequence (digested) DNAS are extracted and recovered. 
The recovered pNOV6900 (digested/CIP) and the 
pNOV6901-3/5'-regulatory-sequence (digested) DNAs are 
ethanol precipitated with glycogen. The pNOV6900 
(digested/CIP) and the pNOV6901-3/5'-regulatory-se 
quence (digested) DNA fragments are recovered by micro 
centrifugation, washed with 70% ethanol, dried under 
vacuum and resuspended each in 5 LL ddH2O. 

0102) 4.0 uL of the pNOV6900 (digested/CIP) is ligated 
to 4.0 L pNOV6901-3/5'-regulatory-sequence (digested) in 
a 10LL ligation mixture containing 1 uIl 10x T4DNA ligase 
buffer and 1 uL T4 DNA ligase (400 U/LL). The ligation 
mixture is incubated for more than 8 hours at 16°C. 5.0 uL 
of ligation mixture is transformed into 50 uL Top 10 com 
petent cells. The pNOV6900-pNOV6901-3"/5'-regulatory 
sequence recombinants are verified by digesting 7.5 LL 
pNOV6900-pNOV6901-3/5'-regulatory-sequence miniprep 
DNA with 1.0LL NcoI in 10 uL reaction mixtures containing 
1 Jug BSA and 1 uL 10x restriction endonuclease buffer 4 
(New England Biolabs). Digests are incubated at 37° C. for 
2 hours then resolved on 1% TAE agarose. The junction 
sequence of positive pNOV6900-pNOV6901-3"/5'-regula 
tory-sequence recombinants is verified. 

0.103 14. The expression cassette can now be trans 
formed into agrobacterium and then transformed into plants 
in accordance with methods known to those persons skilled 
in the art. 

TABLE 2 

Primers for constructing expression cassettes comprising regulatory 
sequences from the MADS gene family 

target 
gene ale sequence 

primers to clone 5'-regulatory sequence 

ABO 03322 ABOO3322-1 (SEQ. 
D No. 133) 

ABOO3322-2 (SEQ. 
D No. 134) 

ABOO332 4ABOO3324-1 (SEQ. 
D No. 145) 

ABOO 3324-2 (SEQ. 
D No. 146) 

ABOO3328ABOO3328-1 (SEQ. 
D No. 158) 

ABOO 3328-2 (SEQ. 
D No. 158) 

ABO7776 O ABO77760-1 (SEQ. 
D No. 167) 

ABO777 60-2 (SEQ. 
D No. 168) 

5'-CGTTGCCCAGCGAGGAGCATGCGTAAAATC-3' 

5'-GATTTCATTCATACTGTCCAACAGAAGGCA-3' 

5'-TCTAAATAGGGCCCAACATACTCA-3' 

5'-TCAAGCGTCTTAAGCATGCTGAAATATGA-3' 

5'-AACAAAACCAATAATCTCCAATGCCC-3' 

5'-CATCTTCGATCGCCGATGAACCAACC-3' 

5'-ATTCGTTGGGGGTGACATGACTAGTC-3' 

5'-CAAAGATCCCCTTGATGCTGCAGCAG-3' 
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TABLE 2-continued 

Primers for constructing expression cassettes comprising regulatory 
sequences from the MADS gene family 

U8891 

13 (SEQ. ID 
No. 455) 

AF095 646-12 (SEQ ID 
No. 519) 
AF095 646-13)] (SEQ ID 
No. 520) 

EXAMPLE 2 

1. Construction of the Assembly Vector pNOV6901 Con 
taining the B-glucuronidase (GUS) Coding Sequence. 
0104 A. Preparation of GUS Coding Sequence. 
0105 The B-glucuronidase (GUS) coding sequence 
Narasimhulu, et al 1996, Plant Cell, 8: 873-886, which 
includes an engineered intron, was amplified from 
pNOV5003 in a Pfuturbo polymerase (Stratagene, Cat. No. 
600250) reaction. The reaction mixture consisted of 1 LL 
pNOV5003 miniprep DNA 200 uM dNTPs, 20 uM GUS5 
oligonucleotide primer 5'-atggtacgtcctgtagaaacc-3' (SEQID 
NO 498), 20 uM GUS3 oligonucleotide primer 5'-gatc 
gagctcteattgtttgccticcctg-3' (SEQ ID NO 499), 5 uL 10x 
cloned Pfu buffer and 2.5 Units of Pfuturbo DNA poly 
merase (Stratagene, Cat. No. 600250) in a final volume of 50 
uL. The thermocycling program was at 95°C. for 30 seconds 
then 10 cycles of (95° C. for 5 seconds, 55° C. for 10 
seconds, 72° C. for 2.5 minutes) then 20 cycles of (95° C. 
for 5 seconds, 57°C. for 15 seconds, 72° C. for 2.5 minutes) 
then 72° C. for 2.5 minutes. The 2.2 kb GUS PCR product 
was isolated and concentrated using the QIAEX II kit 
(Qiagen, Cat. No. 20021). The GUS PCR product was 
recovered in 15uL ddHO and subsequently digested in a 20 
LL reaction containing 1 Jug BSA, 2 LL 10x restriction 
endonuclease buffer and 1 uL SacI. The reaction was incu 
bated at 37° C. for 2 hours. The GUS PCR product (SacI) 
was resolved on 1.5%TBEagarose and the 2.2 kb GUS PCR 
product (SacI) band was excised. The GUS PCR product 
(SacI) DNA was recovered from the agarose in 15 uL ddHO 
with the QIAEX II kit (Qiagen, Cat. No. 20021). 
0106 B. Preparation of the pSP73 Vector. 
0107 An E. coli vector pSP73 (Promega, Cat. No. 
P2221) miniprep DNA was prepared. 1 uL of the miniprep 
DNA was digested in a 20 Jul reaction mixture containing 1 
Jug BSA, 2 LL 10x restriction endonuclease, 1 LIL SmaI and 
1 uL SacI. The reaction was incubated at 25°C. for 1.5 hours 
then 37° C. for 1.5 hours. The pSP73 (SmaI/SacI) DNA was 
resolved on 1.5% TBE agarose and the 2.4 kb pSP73 
(SmaI/SacI) band was excised. The pSP73 (SmaI/SacI) 
DNA was recovered from the agarose in 15 uL ddHO with 
the QIAEX II kit (Qiagen, Cat No. 20021). 
0108 C. Construction of pSP73-GUS 
0109) 5 uL of pSP73 (SmaI/SacI) was ligated to 5 uL 
GUS PCR product (SacI) by mixing with an equal volume 
of Takara DNA Ligation Mix, Version II (Cat. No. TAK 
6022) and incubating at 16°C. for 30 minutes. 7.5 uL of the 
ligation mixture was transformed into 50 L XL-1 Super 

5'-TATATACCATGGTGGTTAGTGATGCTACAAAGTTC-3' 

5'-TATATAGAGCTCAGTCCAAGCTTGCTAATAAAAACGCT-3' 

5'-TATATACCCGGGCGGTCCGAAGGGTAGGGCTGCACGAA-3' 

competent cells (Stratagene, Cat. No. 200236). pSP73-GUS 
recombinants were verified by digesting 2 LL pSP73-GUS 
miniprep DNA in a 20 LL reaction containing 2 ug BSA, 2 
uL 10x restriction endonuclease buffer, 1 uL Xbal and 1 LL 
SacI and the pSP73-GUS (Xbal/SacI) products were 
resolved on 1.5% TBE agarose. The positive pSP73-GUS 
recombinants were sequenced. 

0.110) D. Addition of Restriction Endonuclease Sites to 
pSP73-GUS 

0111. The pSP73-GUS construct lacks flexibility to clone 
3'-regulatory sequence just after the GUS coding sequence. 
Additional restriction sites were added to the polylinker to 
increase flexibility at the 3'-terminus of the GUS coding 
sequence by ligating a synthetic adapter to the construct. The 
adapter (Synthetic Adaptor I) was made by combining 40 uL 
of 50 uMoligonucleotide PL-F 5'-Pccg.cggg.cgg.ccgcactagtic 
ccggg.cccat-3' (SEQ ID NO. 456), 40 uL of 50 uM oligo 
nucleotide PL-R 5'-Pegatggg.cccgggactagtgcggccgc 
ccg.cggagct-3' (SEQ ID NO. 457) where P is a 
5'-phosphate group in a 100 uL mixture that is 25 mM in 
Tris-HCl (pH 8.0) and 10 mM in MgCl2. The mixture was 
boiled for 5 minutes, removed from heat and naturally 
cooled to room temperature (about 60 minutes), yielding a 
20 uM Synthetic Adaptor I solution. 

0.112. The pSP73-GUS construct was prepared by digest 
ing 14 uI of miniprep pSP73-GUS DNA with 1 uL SacI and 
1 LL Clal in a 20 LL reaction mixture containing 2 Jug BSA 
and 2 ul, 10x restriction endonuclease buffer. The reaction 
mixture was incubated at 37° C. for 6 hours, then at 70° C. 
for 20 minutes. Then 1 uL of the appropriate 10x restriction 
endonuclease buffer, 1 uL 1 Unit/L CIP and 8 uI ddHO 
were added to the reaction and it was further incubated at 
37° C. for 30 minutes. The pSP73-GUS (SacI/ClaI/CIP) 
DNA was resolved on 1% TAE agarose, excised, recovered 
and ethanol precipitated with glycogen carrier. The pSP73 
GUS (SacI/ClaI/CIP) DNA was recovered by micro cen 
trifugation, washed with 70% ethanol, dried under vacuum 
and resuspended in 5 L ddH.O. 

0113 4.5 uL of Synthetic Adaptor I solution was ligated 
to 2.5 L pSP73-GUS (SacI/ClaI/CIP) in a 10 uL ligation 
mixture containing 1 uL 10x T4DNA ligase buffer and 1 uL 
T4 DNA ligase and incubated more than 8 hours at 16° C. 
4 uL of the ligation mixture was transformed into 50 LL 
XL-1 supercompetent cells (Stratagene, Cat. No. 200236). 
The pSP73-GUS-mod recombinants were verified by digest 
ing 5 uL pSP73-GUS-mod miniprep DNA in a 20 LL 
reaction containing 2 Jug BSA, 2 LL 10x restriction endo 
nuclease buffer and 1 uL NotI. The digests were resolved on 
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1.0%. TAE agarose, and the sequence of positive pSP73 
GUS-mod recombinants was verified. The finished clone 
was designated pNOV6901. 
2. Construction of pNOV6900 
0114. It was necessary to construct an Agrobacterium 
binary vector to facilitate mobilization of expression cas 
settes constructed in pNOV6901 into plants. The 
pNOV2115 vector was modified by inserting an adaptor that 
introduces the PacI, SgFI and Rsr|I restriction endonuclease 
recognition sites. pNOV2115 miniprep DNA (14 uL) was 
digested with 1 u, KpnI and 1 uL HindIII in a 20 L reaction 
mixture containing 2 Jug BSA and 2 LL 10x restriction 
endonuclease buffer. Digests were incubated at 37° C. for 
more than 6 hours, then at 70° C. for 20 minutes. Then 1 uL 
of the appropriate 10x restriction endonuclease buffer, 1 uL 
1 Unit/ul CIP and 8 uI ddHO were added to the reaction 
and it was further incubated at 37° C. for 30 minutes. 
pNOV2115 (KpnI/HindIII/CIP) was resolved on 1%. TAE 
agarose, the 9.2 kb pNOV2115 (KpnI/HindIII/CIP) DNA 
band was excised, recovered and ethanol precipitated with 
glycogen carrier. The pNOV2115 (KpnI/HindIII/CIP) DNA 
was recovered by micro centrifugation, washed with 70% 
ethanol, dried under vacuum and resuspended in 5 Jull 
ddH.O. 
0115 Additional restriction sites were added to 
pNOV2115 (KpnI/HindIII/CIP) by ligating the vector to 
Synthetic Adapter II. The Synthetic Adapter II was made by 
combining 37 uL of 150 uMoligonucleotide PL15'-Pgtac 
cggaccg.cgatcgcttaatta-3' (SEQ ID NO 458), 37 uL of 150 
uM PL2 oligonucleotide 5'-Pagcttaattaag.cgatcgcggtccg-3' 
(SEQ ID NO 459) where P is a 5'-phosphate group in a 
100 uL mixture that is 25 mM in Tris-HCl (pH 8.0) and 10 
mM in MgCl2. The mixture was boiled for 5 minutes, 
removed from heat and naturally cooled to room tempera 
ture (about 60 minutes), yielding a 55uM Synthetic Adapter 
II solution. 

0116 2.5 uL pNOV2115 (KpnI/HindIII/CIP) was ligated 
to 2.5 L 55 uM Synthetic Adapter II solution by mixing 
with an equal volume of Takara DNA Ligation Mix, Version 
II (Cat. No. TAK 6022), and was incubated at 16° C. for 30 
minutes. 5.0 uL of ligation mixture was transformed into 50 
uL DH5C. competent cells (Invitrogen, Cat. No. 18258–012). 
pNOV2115-mod recombinants were verified by digesting 2 
uL pNOV2115-mod miniprep DNA with KpnI, HindIII, 
Pacd or Rsr|I in 10 uI reactions containing 1 lug BSA and 
1 uL 10x restriction endonuclease buffer. The sequence of 
positive pNOV2115-mod recombinants was verified. The 
finished clone was designated pNOV6900. 

EXAMPLE 3 

Construction of the OsMADS5 Expression Cassette 
0117 A. Cloning the OsMADS55'-Regulatory Sequence 
0118 High-fidelity PCR was used to amplify the 
OsMADS5 5'-regulatory sequence from rice genomic DNA 
(gDNA). The 50 uL reaction mixture consisted of 100 ng 
rice g|NA, 200 uM dNTPs, 1 uL 20 uM oligonucleotide 
primer OsMADS5-P3 5'-tgagcaggtagccgg.cgaccaatcgcgag-3' 
(SEQ ID NO 460), 1 uL 20 uM oligonucleotide primer 
OSMADSH5-P2 5'-catactgttacaaaaaagaaaatcagtggaccac-3' 
(SEQ ID NO 461), 1 uL 10x Expand High Fidelity buffer 
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and 1 uL Expand High Fidelity polymerase. The thermocy 
cling program was at 95°C. for 2 minutes followed by 40 
cycles of (94° C. for 15 seconds, 68° C. for 7.5 minutes) 
followed by 68°C. for 10 minutes. The 5.4 kb DNA product, 
encoding the OsMADS5 5'-regulatory sequence, was cloned 
with the TOPO XL PCR cloning kit. The pCR-XL-TOPO 
OsMADS5-5'-gldNA recombinants, containing the 
OsMADS5 5'-regulatory sequence, were identified by 
digesting 5 uL pCR-XL-TOPO-OsMADS5-5'-g|DNA mini 
prep DNA with EcoRI in a 20 LL reaction mixture contain 
ing 2 ug BSA and 2 uL 10x restriction endonuclease buffer. 
The reaction mixture was incubated at 37° C. for 2 hours 
then the pCR-XL-TOPO-OsMADS5-5'-g|DNA (EcoRI) 
products were resolved on 1% TAE agarose. Positive pCR 
XL-TOPO-OsMADS5-5'-g|DNA clones were sequenced. 

0119 B. Cloning the OsMADS53'-Regulatory Sequence 

0120 High-fidelity PCR was used to amplify the 
OsMADS5 3'-regulatory sequence from rice genomic DNA 
(gDNA). The 50 uL reaction mixture consisted of 100 ng 
rice g|NA, 200 uM dNTPs, 1 uL 20 uM oligonucleotide 
primer OsMADSi5-T1 5'-atgaattgcttatcacattaatggacatc-3' 
(SEQ ID NO. 462), 1 uL 20 uM oligonucleotide primer 
OSMADSHS-T2 5'-caaaactacatcaagagccttggaattggtcC-3' 
(SEQ ID NO. 463), 1 uL 10x Expand High Fidelity buffer 
and 1 uL Expand High Fidelity polymerase. The thermocy 
cling program was 95° C. for 2 minutes followed by 40 
cycles of (94° C. for 15 seconds, 60° C. for 30 seconds, 68° 
C. for 6 minutes) followed by 68°C. for 15 minutes. The 1.2 
kb OsMADS5-3'-g|DNA DNA product, encoding the 
OsMADS5 3'-regulatory sequence, was cloned with the 
Zero Blunt TOPO PCR cloning kit (Invitrogen, Cat. No. 
K2875-20). pCR-Blunt II-TOPO-OsMADS5-3'-glDNA 
recombinants, with the OsMADS5 3'-regulatory sequence, 
were identified by digesting 5 uL pCR-Blunt II-TOPO 
OsMADS5-3'-g|DNA miniprep DNA with EcoRI in a 20 uL 
reaction mixture containing 2 Jug BSA and 2 LL 10x restric 
tion endonuclease buffer. The reaction mixture was incu 
bated at 37° C. for 2 hours and then the pCR-Blunt II-TOPO 
OsMADS5-3'-g|DNA (EcoRI) products were resolved on 1% 
TAE agarose. Positive pCR-Blunt II-TOPO-OsMADS5-3'- 
gDNA clones were sequenced. 

0121 C. Construction of the OsMADS5 5'-Regulatory 
Sequence 

0122) The OsMADS5 5'-regulatory sequence for the 
expression cassette was made in several steps. The 3'-half 
(OsMADS-5Pb, about 3.03 kb) was produced by high 
fidelity PCR from the pCR-XL-TOPO-OsMADS5-5'-glDNA 
clone described above. The reaction mixture consisted of 1 
uL pCR-XL-TOPO-OsMADS5-5'-g|DNA miniprep DNA, 
200 uM dNTPs, 20 uMoligonucleotide primer OsMADS5 
C3 5'-cagtgtcgacgggg.cgagggaaagtagagc-3' (SEQ ID NO 
464), 20 uM oligonucleotide primer OsMADS5-C4 
5'-cgatccatggtggatactgttacaaaaaagaaaatcagtg-3' (SEQ ID 
NO 465), 5 uL 10x cloned Pfu buffer and 2.5 Units of 
Pfuturbo DNA polymerase (Stratagene, Cat. No. 600252) in 
a final Volume of 50 uL. The thermocycling program was at 
95° C. for 30 seconds then 40 cycles of (95° C. for 10 
seconds, 50° C. for 60 seconds, 72° C. for 6 minutes) then 
72°C. for 10 minutes. The OsMADS-5Pb DNA product was 
recovered using the QIAquick PCR purification kit (Qiagen, 
Cat. No. 28106). The recovered OsMADS-5Pb DNA was 
ethanol precipitated with glycogen carrier. The OsMADS 
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5Pb DNA was recovered by micro centrifugation, washed 
with 70% ethanol, dried under vacuum and resuspended in 
14 uL ddHO. The OsMADS-5Pb was digested in a 20 uL 
reaction mixture containing 2 Jug BSA, 2 LL 10x restriction 
endonuclease buffer, 1 uL SalI and 1 uL NcoI. The reaction 
mixture was incubated at 37° C. for more than 6 hours. The 
OsMADS-5Pb (NcoI/SalI) DNA was resolved on 1.0%TAE 
agarose and the 3.03 kb OsMADS-5Pb (NcoI/Sall) DNA 
band was excised, recovered and ethanol precipitated with 
glycogen carrier. The OsMADS-5Pb (NcoI/Sall) DNA was 
recovered by micro centrifugation, washed with 70% etha 
nol, dried under vacuum and resuspended in 5 LL ddH2O. 

0123 2 ug of the pNOV6901 miniprep DNA was 
digested in a 20 u, reaction mixture containing 2 Jug BSA, 
2 uL 10x restriction endonuclease buffer, 1 uL SalI and 1 LL 
NcoI. The reaction mixture was incubated at 37° C. for more 
than 6 hours, then at 70° C. for 20 minutes. Then 1 uL of the 
appropriate 10x restriction endonuclease buffer, 1 uL 1 
Unit/ul CIP and 8 ul ddHO were added to the reaction and 
it was further incubated at 37° C. for 30 minutes. The 
pNOV6901 (NcoI/SalI/CIP) DNA was resolved on 1.0% 
TAE agarose and the 4.7 kb pNOV6901 (NcoI/SalI/CIP) 
band was excised, recovered and ethanol precipitated with 
glycogen carrier. The pNOV6901 (NcoI/SalI/CIP) DNA was 
recovered by micro centrifugation, washed with 70% etha 
nol, dried under vacuum and resuspended in 5 LL ddH2O. 

O124 4.0 uL of the OsMADS-5Pb (NcoI/SalI) was 
ligated to 4.0 uL pNOV6901 (NcoI/SalI/CIP) in a 10 uL 
reaction mixture containing 1 uL 10x T4 DNA ligase buffer 
and 1 uLT4 DNA ligase (400 Units/ull) and incubated more 
than 8 hours at 16° C. 5.0 uL of the ligation mixture was 
transformed into 50 uL Top 10 competent cells. pNOV6901 
OsMADS-5Pb recombinants were verified by digesting 2 LL 
pNOV6901-OsMADS-5Pb miniprep DNA with 0.5uL Sall, 
0.5 LL NcoI in 10 uL reactions containing 1 lug BSA and 1 
uL 10x restriction endonuclease buffer. The digests were 
incubated at 37° C. for 2 hours and the pNOV6901-Os 
MADS-5Pb (NcoI/SalD) DNA was resolved on 1%. TAE 
agarose. Positive pNOV6901-OsMADS-5Pb recombinants 
were sequenced. 

0125) The 5'-half (OsMADS-5 Pa, about 2.4 kb) was 
produced by high-fidelity PCR from the pCR-XL-TOPO 
OsMADS5-5'-g|DNA clone described above. The reaction 
mixture consisted of 1 uL pCR-XL-TOPO-OsMADS5-5'- 
gDNA miniprep DNA, 200 uM dNTPs, 20 uMoligonucle 
otide primer OSMADS5-C1 5'-gactictegaggcgcgcctgagcagg 
tag.ccggcgacc-3' (SEQ ID NO 466), 20 uMoligonucleotide 
primer OSMADS5-C2b 5'-gtgtgtctic 
gagctictetctagctctictetcgg-3' (SEQ ID NO 467), 5 uL 10x 
cloned Pfu buffer and 2.5 Units of Pfuturbo DNA poly 
merase (Stratagene, Cat. No. 600252) in a final volume of 50 
uL. The thermocycling program was at 95°C. for 30 seconds 
then 40 cycles of (95° C. for 10 seconds, 50° C. for 60 
seconds, 72° C. for 6 minutes) then 72° C. for 10 minutes. 
The 2.4 kb OsMADS-5 Pa DNA product was cloned with 
the Zero Blunt TOPO PCR cloning kit (Invitrogen, Cat. No. 
K2875-20). pCR-Blunt II-TOPO-OsMADS-5 Pa recombi 
nants were identified by digesting 5uL pCR-Blunt II-TOPO 
OsMADS-5 Pa miniprep DNA with EcoRI in a 20 uL 
reaction mixture containing 2 Lig BSA and 2 LL 10x restric 
tion endonuclease buffer. The digests were incubated at 37° 
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C. for 2 hours then resolved on 1%. TAE agarose. Positive 
pCR-Blunt II-TOPO-OsMADS-5 Pa recombinants were 
sequenced. 
0126) 2 ug of the pNOV6901-OsMADS-5Pb miniprep 
DNA was digested in a 20 Jul reaction mixture containing 2 
ug BSA, 2 uL 10x restriction endonuclease buffer and 2 LL 
XhoI. The digest was incubated at 37° C. for more than 6 
hours, then at 70° C. for 20 minutes. Then 1 uL of the 
appropriate 10x restriction endonuclease buffer, 1 uL 1 
Unit/mL CIP and 8 uIddHO were added to the reaction and 
it was further incubated at 37° C. for 30 minutes. 2 ug of the 
pCR-Blunt II-TOPO-OsMADS-5 Pa miniprep DNA was 
digested in a 20 u, reaction mixture containing 2 Jug BSA, 
2 uL 10x restriction endonuclease buffer and 2 LL SalI. The 
digest was incubated at 37° C. for more than 6 hours. 
0127. The digested plasmid DNAs, pNOV6901-Os 
MADS-5Pb (XhoI/CIP) and pCR-Blunt II-TOPO-Os 
MADS-5 Pa (SalI), were resolved on 1.0%. TAE agarose and 
the 7.7 kb pNOV6901-OsMADS-5Pb (XhoI/CIP) and the 
2.4 kb OsMADS-5 Pa (SalI) bands were excised, extracted, 
recovered and ethanol precipitated with glycogen. The 
pNOV6901-OsMADS-5Pb (XhoI/CIP) and OsMADS-5 Pa 
(SalI) DNA fragments were recovered by micro centrifuga 
tion, washed with 70% ethanol, dried under vacuum and 
resuspended each in 5 uL ddH.O. 
0128 4.0 uL of the pNOV6901-OsMADS-5Pb (XhoI/ 
CIP) was ligated to 4.0 uL OsMADS-5 Pa (Sall) in a 10 uL 
reaction mixture containing 1 uL 10x T4 DNA ligase buffer 
and 1 u, T4 DNA ligase (400 U/LL). The reaction mixture 
was incubated more than 8 hours at 16° C. 5.0 uL of the 
ligation mixture was transformed into 50 uL Top 10 compe 
tent cells. The pNOV6901-OsMADS5P recombinants were 
verified by digesting 2 ul pNOV6901-OsMADS5P mini 
prep DNA with 0.5uL XhoI, 0.5uL NcoI in 10 uL reaction 
mixtures containing 1 Jug BSA and 1 LIL 10x restriction 
endonuclease buffer. The digests were incubated at 37° C. 
for 2 hours then resolved on 1%. TAE agarose. Positive 
pNOV6901-OsMADS5P recombinants were sequenced. 

0129. D. Construction of the OsMADS5 3'-Regulatory 
Sequence 

0130. The OsMADS-5 3'-regulatory sequence for the 
expression cassette was produced by high-fidelity PCR from 
the pCR-Blunt II-TOPO-OsMADS5-3'-g|DNA clone, above. 
The reaction mixture consisted of 1 uL pCR-Blunt II-TOPO 
OsMADS5-3'-g|DNA miniprep DNA, 200 uM dNTPs, 20 
uM oligonucleotide primer OsMADS5T-F 5'-cccgggc 
catgggggg.tctagaatgaattgcttatcacattaatgg-3' (SEQ ID NO 
468), 20 uM oligonucleotide primer OsMADS5T-R 
5'-cccggg.cgcgccggatgagaacagctacatcc-3' (SEQID NO 469), 
5 uL 10x cloned Pfu buffer and 2.5 Units of Pfuturbo DNA 
polymerase (Stratagene, Cat. No. 600252) in a final volume 
of 50 uL. The thermocycling program was 95° C. for 30 
seconds then 40 cycles of (95°C. for 10 seconds, 50° C. for 
60 seconds, 72°C. for 6 minutes) then 72°C. for 10 minutes. 
The OsMADS5T DNA product was recovered using the 
QIAquick PCR purification kit (Qiagen, Cat. No. 28.106) 
and ethanol precipitated with glycogen carrier. The 
OsMADS5T DNA was recovered by micro centrifugation, 
washed with 70% ethanol, dried under vacuum and resus 
pended in 14 uL ddHO. The OsMADS5T DNA was 
digested in a 20 u, reaction mixture containing 2 Jug BSA, 
2 uL 10x restriction endonuclease buffer and 2 uL Xmal. 
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The digest was incubated at 37° C. for more than 6 hours. 
The OsMADS5T (Xmal) DNA was resolved on 1.0% TAE 
agarose and the 1.1 kb OsMADS5T (Xmal) band was 
excised, recovered and ethanol precipitated with glycogen 
carrier. OsMADS5T (Xmal) DNA was recovered by micro 
centrifugation, washed with 70% ethanol, dried under 
vacuum and resuspended in 5 Jull ddH2O. 
0131 2 ug pNOV6901-OsMADS5P miniprep DNA was 
digested in a 20 u, reaction mixture containing 2 Jug BSA, 
2 uL 10x restriction endonuclease buffer and 2 uL Xmal. 
The digest was incubated at 37° C. for more than 6 hours, 
then at 70° C. for 20 minutes. Then 1 uL of the appropriate 
10x restriction endonuclease buffer, 1 uL 1 Unit/uL CIP and 
8 ul, ddHO were added to the reaction and it was further 
incubated at 37° C. for 30 minutes. The pNOV6901 
OsMADS5P (Xmal/CIP) DNA was resolved on 1.0% TAE 
agarose and the 10.1 kb pNOV6901-OsMADS-5P (Xmal/ 
CIP) band was excised, recovered and ethanol precipitated 
with glycogen carrier. pNOV6901-OsMADS-5P (Xmal/ 
CIP) DNA was recovered by micro centrifugation, washed 
with 70% ethanol, dried under vacuum and resuspended 
each in 5ul ddH.O. 
0132) 4.0 L pNOV6901-OsMADS5P (Xmai/CIP) was 
ligated to 4.0 uL OsmADS5T (Xmal) in a 10 LIL ligation 
mixture containing 1 uL 10x T4 DNA ligase buffer and 1 uL 
T4 DNA ligase (400 Units/uIL) and incubated more than 8 
hours at 16° C. 5.0 uL of ligation mixture was transformed 
into 50 uL Top10 competent cells. Positive pNOV6901 
OsMADS5P/OsMADS5T recombinants were verified by 
digesting 2 uIl miniprep DNA with 1.0 uL AscI in 10 uL 
reaction mixtures containing 1 Jug BSA and 1 uL 10x 
restriction endonuclease buffer. The digests were incubated 
at 37° C. for 2 hours then resolved on 1%. TAE agarose. 
Positive pNOV6901-OsMADS5P/OsMADS5T recombi 
nants were sequenced. The construct was designated 
pNOV6901-OsMADS5P/OsMADS5T. The plasmid's QC 
number is 11084. 11084 contains the complete OSMADS5 
expression cassette depicted by SEQ ID NO. 536. 
0.133 E. Mobilization of the OsMADS5 GUS Expression 
Cassette into pNOV6900 
0134 2 ug pNOV6900 was digested in a 20 LL reaction 
mixture containing 2 Jug BSA, 2 LL 10x restriction endonu 
clease buffer and 2 LLAscI. The digest was incubated at 37° 
C. for more than 6 hours, then at 70° C. for 20 minutes. Then 
1 uL of the appropriate 10x restriction endonuclease buffer, 
1 uL 1 Unit/LIL CIP and 8 ul, ddHO were added to the 
reaction and it was further incubated at 37° C. for 30 
minutes. 2 ug pNOV6901-OsMADS5P/OsMADS5T mini 
prep DNA was digested in a 20 Jul reaction mixture con 
taining 2 ug BSA, 2 LL 10x restriction endonuclease buffer 
and 2 LL AscI. The digest was incubated at 37°C. for more 
than 6 hours. 

0135) The digested plasmid DNAs, pNOV6900 (AscI/ 
CIP) and pNOV6901-OsMADS5P/OsMADS5T (AscI), 
were resolved on 1.0% TAE agarose and the 9.2 kb 
pNOV6900 (AscI/CIP) and the 8.7 kb pNOV6901 
OsMADS5P/OsMADS5T (AscI) DNA bands were excised, 
recovered and ethanol precipitated with glycogen carrier. 
The pNOV6900 (AscI/CIP) and pNOV6901-OsMADS5P/ 
OsMADS5T (AscI) DNA fragments were recovered by 
micro centrifugation, washed with 70% ethanol, dried under 
vacuum and resuspended in 5 Jull ddHO each. 
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0.136 4.0 uL pNOV6900 (AscI/CIP) was ligated to 4.0 
uL pNOV6901-OsMADS5P/OsMADS5T (AscI) in a 10 uL 
ligation mixture containing 1 uL 10x T4 DNA ligase buffer 
and 1 LLT4 DNA ligase, which was incubated more than 8 
hours at 16° C. 5.0 uL of ligation mixture was transformed 
into 50 uL Top10 competent cells. pNOV6900-pNOV6901 
OsMADS5P/OsMADS5T recombinants were verified by 
digesting 7.5 uL pNOV6900-pNOV6901-OsMADS5P/ 
OsMADS5T miniprep DNA with 1.0 uL NcoI in 10 uL 
reactions containing 1 Jug BSA and 1 LIL 10x restriction 
endonuclease buffer. The digests were incubated at 37° C. 
for 2 hours then resolved on 1%. TAE agarose. Positive 
pNOV6900-pNOV6901-OsMADS5P/OsMADS5T recom 
binants were sequenced. The finished clone was designated 
pNOV6911. The plasmid's QC number is 11085. 
0137) The engineered alterations in the OsMADS5P 
sequence include introduction of an XhoI site followed by 
an AscI site at the 5'-end of the OsMADS5P sequence, 
elimination the natural translation start codon of the 
OsMADS5P sequence, elimination of undesired ORFs in the 
new leader sequence (5'-UTR) of the OsMADS5P sequence, 
insertion a Kozak sequence upstream of the new translation 
start codon of the OsMADS5P sequence and insertion of a 
new translation start codon downstream of the intron1/exon2 
junction as an NcoI site in the OsMADS5P sequence. The 
engineered alterations in the OsMADS5T sequence include 
introduction of an Xmal site at the 5'-terminus of the 
OsMADS5T sequence and introduction of an AscI site at the 
3'-terminus of the OsMADS5T sequence. In this configura 
tion the GUS coding sequence can be replaced with any gene 
of interest flanked by Ncol restriction sites. The complete 
cassette can then be excised as an AscI fragment and cloned 
into pNOV6900. 

0.138. The cassette was transformed into A188 X HyII 
maize and Kaybonnet rice using standard agrobacterium 
mediated methodology. 
0139 GUS Expression in T0 Maize 
0140 Fifteen TO transgenic maize lines were generated. 
Tassel spikelets and leaf punches were harvested just before 
pollen shed and histochemically screened for GUS activity. 
The ear from a plant containing multiple transgene copies 
was sacrificed to examine GUS expression in developing 
florets. Gus activity localized primarily to transmitting tissue 
at the base of each floret, and to a lesser extent, the vascular 
bundles in developing ears. GUS activity was also apparent 
in developing silks. These data indicate the cassette drives 
GUS expression primarily in female reproductive tissue. 

0141, GUS Expression in TO Rice 
0142. Of forty TO rice (cv. Kaybonnet) lines containing 
pNOV6911 (or 11085), eighteen independent transformants 
were histochemically stained for GUS expression. Only four 
events had detectable GUS activity in leaf tissue. In most 
events, activity in spikelets was localized to glume tips, and 
anthers to a much lesser extent. 

0143 GUS Expression in T1 Maize 
0144) T1 progeny from three events were sown for 
expression analysis in vegetative and reproductive tissue. 
FIG. 3 summarizes data for tissue sampled about 5 days 
before pollination. FIGS. 3A and 3B show GUS activity is 
restricted to developing ears, particularly the vasculature 
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along the outer ear and the transmitting tissue beneath 
florets. FIG. 3B also shows GUS activity in tissue surround 
ing the ovule sac. GUS activity was undetectable in the ear 
node or the node beneath it, tassel, leaf or silk (FIGS. 
3C-3G). FIGS. 4 and 5 provide further evidence for GUS 
activity in developing ears. The data show the pattern 
established at 5 days before pollination persists up to 2 days 
after pollination. GUS activity becomes restricted to trans 
mitting tissue and maternal tissue at the base of developing 
kernels during seed development. GUS protein is detectable 
throughout ovule and kernel development, up to 20 days 
after pollination. FIG. 25A shows very light staining in the 
aerial tissue, with no GUS activity in the roots 
0145. In summary, the present invention includes expres 
sion cassettes based on the Oryza sativa OsMADS5 gene. 
These cassettes consist of the gene’s promoter including the 
first intron, 5'-UTR, 3'-UTR and 3'-nontranscribed sequence. 
The cassette's design facilitates replacement of the GUS 
coding sequence with any gene of interest. The cassette 
drives gene expression primarily in maternal reproductive 
tissue. Within developing ears, expression localizes to the 
outer vasculature along the long axis of the ear, the trans 
mitting tissue in developing florets and kernels, tissue Sur 
rounding ovules and maternal tissue at the base of develop 
ing kernels. The expression cassettes of the present 
invention drive gene expression from a very early point in 
ovule development, perhaps from shortly after differentia 
tion. 

EXAMPLE 4 

Construction of the OsMADS6 Expression Cassette 
0146 A. Cloning of the OsMADS6 5'-Regulatory 
Sequence 

0147 Used high-fidelity PCR to amplify the OsMADS6 
5'-regulatory sequence from rice genomic DNA (gDNA). 
The 50 LL reaction mixture consisted of 100 ng rice g|DNA, 
200 uM dNTPs, 1 uL 20 uM oligonucleotide primer 
OSMADSH6-P1 5'-ctaggacgatggtgtgatgtgggaacacg-3' (SEQ 
ID NO 470), 1 uL 20 uM oligonucleotide primer 
OsMADSi6-P2 5'-gtacctttctaaagtictttgttatgctgcac-3' (SEQ 
ID NO 471), 1 uL 10x Expand High Fidelity buffer and 1 uL 
Expand High Fidelity polymerase. The thermocycling pro 
gram was at 95°C. for 2 minutes followed by 40 cycles of 
(94° C. for 15 seconds, 68° C. for 7.5 minutes) followed by 
68° C. for 10 minutes. Cloned the 4.5 kb OSMADS6-5'- 
gDNA DNA product with the TOPO XL PCR cloning kit. 
pCR-XL-TOPO-OsMADS6-5'-g|DNA recombinants were 
identified by digesting 5 uL pCR-XL-TOPO-OsMADS6-5'- 
gDNA miniprep DNA with EcoRI in a 20 uL reaction 
mixture containing 2 Jug BSA and 2 LL 10x restriction 
endonuclease buffer. The digests were incubated at 37° C. 
for 2 hours then the products were resolved on 1%. TAE 
agarose. The positive pCR-XL-TOPO-OsMADS6-5'-g|DNA 
clones were sequenced. 
0148 B. Cloning of the OsMADS6 3'-Regulatory 
Sequence 
0149 The OsMADS6 3'-regulatory sequence from rice 
genomic DNA (gDNA) was amplified using high-fidelity 
PCR. The 50 LL reaction mixture consisted of 100 ng rice 
gDNA, 200 uM dNTPs, 1 uL 20 uMoligonucleotide primer 
OsMADSi6-T1 5'-gctaagcagccatcgatcagctgtcag-3' (SEQID 
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NO 470), 1 uL 20 uMoligonucleotide primer OsMADS#6- 
T2 5'-gatgccattgtgtaatgaatggaggagagc-3' (SEQID NO 471), 
1 uL 10x Expand High Fidelity buffer and 1 uL Expand High 
Fidelity polymerase. The thermocycling program was at 95° 
C. for 2 minutes followed by 40 cycles of (94° C. for 15 
seconds, 60° C. for 30 seconds, 68° C. for 6 minutes) 
followed by 68° C. for 15 minutes. The 1.2 kb DNA product 
was cloned with the Zero Blunt TOPO PCR cloning kit. The 
pCR-II-Blunt-OsMADS6-3'-g|DNA recombinants were 
identified by digesting 5 uL pCR-II-Blunt-OsMADS6-3'- 
gDNA miniprep DNA with EcoRI in a 20 uL reaction 
mixture containing 2 Jug BSA and 2 LL 10x restriction 
endonuclease buffer. The digests were incubated at 37° C. 
for 2 hours then resolved on 1%. TAE agarose. Positive 
pCR-II-Blunt-OsMADS6-3'-gldNA clones were sequenced. 
0150 C. Construction of the OsMADS6 5'-Regulatory 
Sequence 

0151. The OsMADS6 5'-regulatory sequence for the 
expression cassette was made in several steps. The 3'-half 
(OsMADS-6Pb, about 2.96 kb) was produced by high 
fidelity PCR from the OsMADS6 5'-gene regulatory 
sequence clone, above. The reaction mixture consisted of 1 
uL pCR-XL-TOPO-OsMADS6-5'-g|DNA miniprep DNA, 
200 uM dNTPs, 20 uMoligonucleotide primer OsMADS6 
P3b 5'-cgagtegacgaggggaagagttgagetgag-3' (SEQ ID NO 
474), 20 uM oligonucleotide primer OsMADS6-P4c 
5'-gacticcatggtggttatgctgcacaaaaatg-3' (SEQ ID NO 475), 5 
uL 10x cloned Pfu buffer and 2.5 Units of Pfuturbo DNA 
polymerase (Stratagene, Cat. No. 600252) in a final volume 
of 50 uL. The thermocycling program was at 95°C. for 30 
seconds then 40 cycles of (95°C. for 10 seconds, 50° C. for 
60 seconds, 72°C. for 6 minutes) then 72°C. for 10 minutes. 
The DNA product was cloned with the Zero Blunt TOPO 
PCR cloning kit. The pCR-Blunt-II-TOPO-OsMADS6-Pb 
recombinants were identified by digesting 5 uL pCR-Blunt 
II-TOPO-OsMADS6-Pb miniprep DNA with EcoRI in a 20 
LL reaction mixture containing 2 ug BSA and 2 LL 10x 
restriction endonuclease buffer. The digests were incubated 
at 37° C. for 2 hours then resolved on 1%. TAE agarose. 
Positive pCR-Blunt-II-TOPO-OsMADS6-Pb recombinants 
were sequenced. 

0152 The 5'-half (OsMADS-6 Pa, about 1.5 kb) was 
produced by high-fidelity PCR from the pCR-XL-TOPO 
OsMADS6-5'-gldNA clone, above. The reaction mixture 
consisted of 1 uL pCR-XL-TOPO-OsMADS6-5'-g|DNA 
miniprep DNA, 200 uM dNTPs, 20 uM oligonucleotide 
primer OsMADS6-Clb 5'-cagtgcatgcggaccgctaggacgatg 
gtgtgatgtg-3' (SEQ ID NO 476), 20 uM oligonucleotide 
primer OSMADS6-Paa 5'-cctcgtcgacticgcccgatcgatcgaacg-3' 
(SEQ ID NO 477), 5 uL 10x cloned Pfu buffer and 2.5 Units 
of Pfuturbo DNA polymerase in a final volume of 50 uL. The 
thermocycling program was at 95°C. for 30 seconds then 40 
cycles of (95° C. for 10 seconds, 50° C. for 60 seconds, 72° 
C. for 6 minutes) then 72° C. for 10 minutes. The 1.5 kb 
OsMADS6-Pa DNA product was cloned with the Zero Blunt 
TOPO PCR cloning kit. The pCR-Blunt-II-TOPO-Os 
MADS6-Pa recombinants were identified by digesting 5 uL 
pCR-Blunt-II-TOPO-OsMADS6-Pa miniprep DNA with 
EcoRI in a 20 LL reaction mixture containing 2 Jug BSA and 
2 uL 10x restriction endonuclease. The digests were incu 
bated at 37° C. for 2 hours then resolved on 1%. TAE 
agarose. Positive pCR-Blunt-II-TOPO-OsMADS6-Pa 
recombinants were sequenced. 
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0153. 14 uL pCR-Blunt-II-TOPO-OsMADS6-Pb mini 
prep DNA was digested in a 20 Jul reaction mixture con 
taining 2 Lig BSA, 2 LL 10x restriction endonuclease buffer, 
1 uL SalI and 1 uL NcoI. The digest was incubated at 37°C. 
for more than 6 hours. The digested DNA was resolved on 
1.0% TAE agarose and the 2.96 kb OsMADS6-Pb (Sall/ 
NcoI) DNA band was excised, recovered and ethanol pre 
cipitated with glycogen. The OsMADS6-Pb (Sali/NcoI) 
DNA was recovered by micro centrifugation, washed with 
70% ethanol, dried under vacuum and resuspended in 5 LL 
ddH.O. 
0154 2 ug pNOV6901 miniprep DNA was digested in a 
20 uL reaction mixture containing 2 Jug BSA, 2 LL 10x 
restriction endonuclease buffer, 1 uL SalI and 1 uL Ncol. 
The digest was incubated at 37° C. for more than 6 hours, 
then at 70° C. for 20 minutes. Then 1 uL of the appropriate 
10x restriction endonuclease buffer, 1 uL 1 Unit/uL CIP and 
8 ul, ddHO were added to the reaction and it was further 
incubated at 37° C. for 30 minutes. The digested plasmid 
DNA was resolved on 1.0%. TAE agarose and the 4.7 kb 
pNOV6901 (SalI/NcoI/CIP) band was excised, recovered 
and ethanol precipitated with glycogen. The pNOV6901 
(SalI/NcoI/CIP) DNA was recovered by micro centrifuga 
tion, washed with 70% ethanol, dried under vacuum and 
resuspended in 5 uL ddH.O. 
0155 4.0 uL OsMADS6-Pb (SalI/NcoI) was ligated to 
4.0 uL pNOV6901 (SalI/NcoI/CIP) in a 10 ul ligation 
mixture containing 1 uL 10x T4 DNA ligase buffer and 1 uL 
T4 DNA ligase (400 Units/uIL). The ligation mixture was 
incubated for more than 8 hours at 16° C. 5.0 uL of ligation 
mixture was transformed into 50 uL Top10 competent cells. 
The recombinants were verified by digesting 2 LL 
pNOV6901-OsMADS6-Pb miniprep DNA with 0.5uL Sall, 
0.5 uL NcoI in 10 uL reaction mixtures containing 1 ug BSA 
and 1 uL 10x restriction endonuclease buffer. The digests 
were incubated at 37° C. for 2 hours then resolved on 1% 
TAE agarose. Positive pNOV6901-OsMADS6-Pb recombi 
nants were sequenced. 
0156) 2 ug pNOV6901-OsMADS6-Pb miniprep DNA 
was digested in a 20 Jull reaction mixture containing 2 ug 
BSA, 2 LL 10x restriction endonuclease buffer, 1 uL SalI and 
1 uL SphI. The digest was incubated at 37°C. for more than 
6 hours, then at 70° C. for 20 minutes. Then 1 uL of the 
appropriate 10x restriction endonuclease buffer, 1 uL 1 
Unit/mLCIP and 8 ul ddHO were added to the reaction and 
it was further incubated at 37° C. for 30 minutes. 2 ug 
pCR-Blunt-II-TOPO-OsMADS6-Pa miniprep DNA was 
digested in a 20 L reaction containing 2 Jug BSA, 2 LL 10x 
restriction endonuclease buffer, 1 uL SalI and 1 uL SphI. The 
digest was incubated at 37° C. for more than 6 hours. 
0157. The digested plasmid DNAs, pNOV6901-Os 
MADS6-Pb (SalI/SphI/CIP) and pCR-Blunt-II-TOPO-Os 
MADS6-Pa (Sall/SphI), were resolved on 1.0% TAE agar 
ose and the 7.7 kb pNOV6901-OsMADS6-Pb (Sal I/SphI/ 
CIP) and the 1.5 kb OsMADS6-Pa (SalI/SphI) bands were 
excised, recovered and ethanol precipitated with glycogen 
carrier. The pNOV6901-OsMADS6-Pb (SalI/SphI/CIP) and 
OsMADS6-Pa (SalI/SphI) DNA fragments were recovered 
by micro centrifugation, washed with 70% ethanol, dried 
under vacuum and each resuspended in 5 LIL didH2O. 
0158) 40 uL pNOV6901-OsMADS6-Pb (SalI/SphI/CIP) 
was ligated to 4.0 u, OsMADS6-Pa (SalI/SphI) in a 10 uL 
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reaction mixture containing 1 uL 10x T4 DNA ligase buffer 
and 1 u, T4 DNA ligase (400 U/LL). The reaction mixture 
was incubated for more than 8 hours at 16° C. 5.0 LL of 
ligation mixture was transformed into 50 uL Top 10 compe 
tent cells. The pNOV6901-OsMADS6P recombinants were 
verified by digesting 7.5 PLL pNOV6901-OsMADS6P 
miniprep DNA with 0.5 L SphI, 0.5 uL Ncol in 10 uL 
reactions containing 1 Jug BSA and 1 LIL 10x restriction 
endonuclease buffer. Digests were incubated at 37°C. for 2 
hours then resolved on 1%. TAE agarose. Positive 
pNOV6901-OsMADS6P recombinants were sequenced. 

0159) D. Construction of the OsMADS6 3'-Regulatory 
Sequence 

0160 The OsMADS-6 3'-regulatory sequence for the 
expression cassette, about 1.3 kb, was produced by high 
fidelity PCR from the pCR-II-Blunt-OsMADS6-3'-g|DNA 
clone, above. The reaction mixture consisted of 1 uL pCR 
II-Blunt-OsMADS6-3'-g|DNA miniprep DNA, 200 uM 
dNTPs, 20 uM oligonucleotide primer OsMADS6-C4b 
5'-acgtgagctcgctaagcagccatcgatcag-3' (SEQID NO 478). 20 
uM oligonucleotide primer OsMADS6-C2 5'-actg.cggac 
cgatgccattgtgtaatgaatgg-3' (SEQ ID NO 479), 5 uL 10x 
cloned Pfu buffer and 2.5 Units of Pfuturbo DNA poly 
merase in a final volume of 50 ul. The thermocycling 
program was at 95°C. for 30 seconds then 40 cycles of (95° 
C. for 10 seconds, 50° C. for 60 seconds, 72° C. for 6 
minutes) then 72° C. for 10 minutes. The 1.3 kb OsMADS6T 
DNA product was recovered and ethanol precipitated with 
glycogen. Recovered the OsMADS6T DNA by micro cen 
trifugation, washed with 70% ethanol, dried under vacuum 
and resuspended in 14 uL ddHO. The OsMADS6T DNA 
was digested in a 20 LL reaction mixture containing 2 ug 
BSA, 2 LL 10x restriction endonuclease buffer, and 2 LL 
SmaI. The digest was incubated at 37° C. for more than 6 
hours. The OsMADS6T (SmaI) DNA was resolved on 1.0% 
TAE agarose and the 1.3 kb OsMADS6T (SmaI) band was 
excised, recovered and ethanol precipitated with glycogen 
carrier. The OsMADS6T (SmaI) DNA was recovered by 
micro centrifugation, washed with 70% ethanol, dried under 
vacuum and resuspended in 5 LL ddH2O. 
0161) 2 ug pNOV6901-OsMADS6P miniprep DNA was 
digested in a 20 u, reaction mixture containing 2 Jug BSA, 
2 uL 10x restriction endonuclease buffer and 2 uIl SmaI. The 
digest was incubated at 37° C. for more than 6 hours, then 
at 70° C. for 20 minutes. Then 1 L of the appropriate 10x 
restriction endonuclease buffer, 1 uL 1 Unit/ul CIP and 8 uI. 
ddHO were added to the reaction and it was further 
incubated at 37° C. for 30 minutes. The pNOV6901 
OsMADS6P (SmaI/CtP) DNA was resolved on 1.0% TAE 
agarose and the 9.7 kbpNOV6901-OsMADS6P (SmaI/CIP) 
band was excised, recovered and ethanol precipitated with 
glycogen carrier. The pNOV6901-OsMADS6P (SmaI/CIP) 
DNA fragment was recovered by micro centrifugation, 
washed with 70% ethanol, dried under vacuum and resus 
pended in 5 uL ddH.O. 
0162 4.0 uL pNOV6901-OsMADS6P (SmaI/CIP) was 
ligated to 4.0 uL OsmADS6T (SmaI) in a 10 uL reaction 
mixture containing 1 uL 10x T4DNA ligase buffer and 1 uL 
T4 DNA ligase (400 Units/uIL). The reaction mixture was 
incubated more than 8 hours at 16° C. 5.0 L of ligation 
mixture was transformed into 50 uL Top10 competent cells. 
The recombinants were verified by digesting 2 LL 
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pNOV6901-OsMADS6P/OsMADS6T miniprep DNA with 
1.0LL RSrII in 10 uL reaction mixtures containing 1 Jug BSA 
and 1 uL 10x restriction endonuclease buffer. The digests 
were incubated at 37° C. for 2 hours then resolved on 1% 
TAE agarose. Positive pNOV6901-OsMADS6P/ 
OsMADS6T recombinants were sequenced. Designated the 
vector pNOV6901-OsMADS6P/OsMADS6T. The plas 
mid's QC number is 11082. 11082 contains the OsMADS6 
expression cassette depicted by SEQ ID NO. 537. 
0163 E. Mobilization of the OsMADS6 GUS Expression 
Cassette into pNOV6900 
0164 2 ug pNOV6900 was digested in a 20 LL reaction 
mixture containing 2 Jug BSA, 2 LL 10x restriction endonu 
clease buffer and 2 uL Rsr|I. The digest was incubated at 37° 
C. for more than 6 hours, then at 70° C. for 20 minutes. Then 
1 uL of the appropriate 10x restriction endonuclease buffer, 
1 uL 1 Unit/ul CIP and 8 ul ddHO were added to the 
reaction and it was further incubated at 37° C. for 30 
minutes. 2 ug pNOV6901-OsMADS6P/OsMADS6T mini 
prep DNA was digested in a 20 Jul reaction mixture con 
taining 2 ug BSA, 2 LL 10x restriction endonuclease buffer 
and 2 LL Rsr|I. The digest was incubated at 37°C. for more 
than 6 hours. 

0165. The pNOV6900 (Rsr|I/CIP) and the pNOV6901 
OsMADS6P/OsMADS6T (Rsr|I) plasmid DNAs were 
resolved on 1.0% TAE agarose, and the 9.2 kb pNOV6900 
(Rsr|I/CIP) and the 8.0 kb pNOV6901-OsMADS6P/ 
OsMADS6T (Rsr|I) bands were excised, recovered and 
ethanol precipitated with glycogen carrier. The pNOV6900 
(Rsr|I/CIP) and pNOV6901-OsMADS6P/OsMADS6T 
(Rsr|I) DNA fragments were recovered by micro centrifu 
gation, washed with 70% ethanol, dried under vacuum and 
resuspended in 5 uIl ddHO each. 
0166 4.0 uL pNOV6900 (Rsr|I/CIP) was ligated to 4.0 
uL pNOV6901-OsMADS6P/OsMADS6T (RsriI) in a 10 uL 
ligation mixture containing 1 uL 10x T4 DNA ligase buffer 
and 1 LLT4 DNA ligase (400 U/LL). The ligation mixture 
was incubated more than 8 hours at 16°C. 5.0 uL of ligation 
mixture was transformed into 50 uL Top10 competent cells. 
The pNOV6900-pNOV6901-OsMADS6P/OsMADS6T 
recombinants were verified by digesting 2 ul miniprep DNA 
with 1.0LL Nicol in 10 LL reaction mixtures containing 1 ug 
BSA and 1 uL 10x restriction endonuclease buffer. The 
digests were incubated at 37°C. for 2 hours then resolved on 
1%. TAE agarose. Positive pNOV6900-pNOV6901 
OsMADS6P/OsMADS6T recombinants were sequenced. 
The finished clone was designated pNOV6907. The plas 
mid's QC number is 11083. 
0167 The engineered alterations in the 5'-regulatory 
sequence derived from the OsMADS6 gene include intro 
duction of an SphI site followed by an Rsr|I site at the 5'-end 
of OsMADS6P, elimination of the natural translation start 
codon in OsMADS6P, elimination of undesired open read 
ing frames in the new 5'-untranslated leader sequence tran 
scribed from OsMADS6P insertion of a Kozak sequence 
upstream of the new translation start codon in OsMADS6P 
and insertion of the new translation start codon downstream 
of the intron1/exon2 junction in OsMADS6P as an NcoI site. 
The engineered alterations in the 3'-gene regulatory 
sequence derived from the OsMADS6 gene include intro 
duction of a SacI site at the 5'-terminus of OsMADS6T and 
introduction of an Rsr|I site at the 3'-terminus of 
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OsMADS6T. In this configuration the GUS coding sequence 
can be replaced with any gene of interest flanked by Ncol/ 
NotI or NcoI/SacI restriction sites. The complete cassette is 
mobilized, as an Rsr|I fragment, to the binary vector 
pNOV6900. 

0168 The cassette was transformed into A188 X HyII 
maize and Kaybonnet rice using standard agrobacterium 
mediated methodology. 

0169 GUS Expression in T0 Maize 

0170. One hundred-two TO transgenic maize lines were 
generated. Tassel spikelets were histochemically screened 
for GUS activity. Sixty-four events were positive for GUS 
activity in the tassel glume, and some also stained positive 
at the spikelet base. Fifty-six also showed GUS expression 
in leaf punches. Ears from several plants were sacrificed to 
examine GUS expression in developing florets. GUS activ 
ity localizes primarily to vascular bundles in developing 
ears, which appears connected to transmitting tissue in each 
floret. These data indicate the cassette drives GUS expres 
sion primarily in female reproductive tissue. 

0171 GUS Expression in TO Rice 
0172 Forty-one T0 rice lines containing pNOV6907 
were generated. Twenty independent transformants were 
histochemically stained for GUS expression. Light to strong 
GUS activity was detected in leaf tissue. In most events, 
activity in spikelets localized to glumes. Staining intensity 
varied significantly. Seed were collected for each line, but 
were not further analyzed. 

0173 GUS Expression in T1 Maize 

0.174 T1 progeny from two independent transformants 
were sown and analyzed in detail for GUS expression. FIGS. 
8A-8C show there was no detectable GUS expression in silk, 
leaf and tassel. This indicates tassel and leaf expression 
observed in TO plants may result from tissue culture asso 
ciated with the transformation process. Dissected organs 
from T1 tassel spikelets had no apparent GUS activity (data 
not shown). FIGS. 8D-8E show GUS activity in the ear node 
and the developing ear shoot. FIG. 8D shows residual GUS 
activity in the central pith, and most activity in the devel 
oping ear shoot. Ear activity is confined to the node, the 
outer whorls and the central region. The pith beneath the ear 
node has no detectable GUS activity. FIG. 9 shows GUS 
activity in ears from 8 to 2 days prior to pollination. As in 
TO ears, activity is confined to the vaculature, florets and 
transmitting tissue. Post-pollination GUS activity remains 
confined to the same tissues (FIG. 10). Activity in develop 
ing kernels appears restricted to maternal tissue. FIG. 11 
shows this pattern persists through kernel development. No 
activity is detected in the endosperm or developing embryo, 
it localizes to the placental, funicular and hilar regions of 
developing kernels. GUS protein is detectable throughout 
ovule and kernel development, up to 20 days after pollina 
tion. These data support the OsMADS6 cassette as a very 
good candidate for trait expression in developing florets and 
kernels. When driven by the OsMADS6-based expression 
cassette, genes that facilitate phloem unloading Such as 
invertase or a sucrose transporter should prove effective in 
Supporting early ear development by increasing sink 
strength. FIG. 25B shows very light or no staining in the 
aerial tissue, with no GUS activity in the roots 
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0175 One embodiment of the invention is an expression 
cassette based on the Oryza sativa OsMADS6 gene. The 
expression cassette consists of the gene’s promoter includ 
ing the first intron, 5'-UTR, 3'-UTR and 3'-nontranscribed 
sequence. These components were assembled into a GUS 
expression cassette and tested in transgenic plants. The 
cassette's design facilitates replacement of the GUS coding 
sequence with any gene of interest. The expression cassette 
drives gene expression primarily in maternal reproductive 
tissue. Within developing ears, expression localizes to flo 
rets, maternal components of developing kernels, the pla 
cental or transmitting tissue and vasculature. The expression 
cassettes of the present invention further drive gene expres 
sion from a very early point in ovule development, perhaps 
from shortly after differentiation. 

EXAMPLE 5 

Construction of the OsMADS8 Expression Cassette 
0176 A. Cloning of the OsMADS8 5'-Regulatory 
Sequence 

0177. The OsMADS8 5'-regulatory sequence from rice 
genomic DNA (gDNA) was amplified using high-fidelity 
PCR. The 50 LL reaction mixture consisted of 100 ng rice 
gDNA, 200 uM dNTPs, 1 uL 20 uMoligonucleotide primer 
OsMADS8.P1 5'-ggtatictttccaaagttctggtcatgctgc-3' (SEQ ID 
NO 522), 1 uL 20 uMoligonucleotide primer OsMADS8.P2 
5'-ccattttittgcgaaatgccaaatcctggc-3' (SEQ ID NO 523), 1 uL 
10x Expand High Fidelity buffer and 1 uL Expand High 
Fidelity polymerase. The thermocycling program was at 95° 
C. for 2 minutes followed by 40 cycles of (94° C. for 15 
seconds, 68° C. for 7.5 minutes) followed by 68° C. for 10 
minutes. The 5.2 kb OsMADS8-5'-g|DNA DNA product was 
cloned with the TOPO XL PCR cloning kit. The pCR-XL 
TOPO-OsMADS8-5'-g|DNA was identified by digesting 5 
uL pCR-XL-TOPO-OsMADS8-5'-g|DNA miniprep DNA 
with EcoRI in a 20 LL reaction mixture containing 2 ug BSA 
and 2 uI, 10x restriction endonuclease buffer. The digests 
were incubated at 37° C. for 2 hours then resolved on 1% 
TAE agarose. Positive pCR-XL-TOPO-OsMADS8-5'- 
gDNA clones were sequenced. 
0178 B. Cloning of the OsMADS8 3'-Regulatory 
Sequence 

0179 The OsMADS8 3'-regulatory sequence from rice 
genomic DNA (gDNA) was amplified using high-fidelity 
PCR. The 50 LL reaction mixture consisted of 100 ng rice 
gDNA, 200 uM dNTPs, 1 uL 20 uMoligonucleotide primer 
OSMADS8.T1 5'-acgtgagctcacticctgaaggccgatgcgacaacc-3' 
(SEQ ID NO 480), 1 uL 20 uM oligonucleotide primer 
OSMADS8.T2 5'-agtcatcgatcatgacaaaatatcatgtttatttcgagg-3' 
(SEQ ID NO 481), 1 uL 10x Expand High Fidelity buffer 
and 1 uL Expand High Fidelity polymerase. The thermocy 
cling program was 95° C. for 2 minutes followed by 40 
cycles of (94° C. for 15 seconds, 60° C. for 30 seconds, 68° 
C. for 6 minutes) followed by 68°C. for 15 minutes. Cloned 
the 2.04 kb OsMADS8-3'-g|DNA DNA product with the 
Zero Blunt TOPO PCR cloning kit. The pCR-Blunt-II 
OsMADS8-3'-g|DNA recombinants were identified by 
digesting 5 uL miniprep DNA with EcoRI in a 20 LL 
reaction mixture containing 2 Lig BSA and 2 LL 10x restric 
tion endonuclease buffer. The digests were incubated at 37° 
C. for 2 hours then resolved on 1%. TAE agarose. Positive 
pCR-Blunt-II-OsMADS8-3'-gldNA clones were sequenced. 
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0180 C. Construction of the OsMADS8 5'-Regulatory 
Sequence 

0181. The OsMADS8 5'-regulatory sequence for the 
expression cassette was made in several steps. The 3'-half 
(OsMADS-8Pb, about 2.8 kb) was produced by high-fidelity 
PCR from pCR-XL-TOPO-OsMADS8-5'-glDNA, above. 
The reaction mixture consisted of 1 uL pCR-XL-TOPO 
OsMADS8-5'-g|DNA miniprep DNA, 200 uM dNTP mix 
ture, 20 uM oligonucleotide primer OsMADS8-Pcc 
5'-atcgccatggtggtcaagctgcaagttcaaaaacac-3' (SEQ ID NO 
482), 20 uM oligonucleotide primer OsMADS8-C3 5'-acgt 
gtcgacgagagggagggtgga-3' (SEQ ID NO 483), 5 Jul 10x 
cloned Pfu buffer and 2.5 Units of Pfuturbo DNA poly 
merase in a final volume of 50 ul. The thermocycling 
program was at 95°C. for 30 seconds then 40 cycles of (95° 
C. for 10 seconds, 50° C. for 60 seconds, 72° C. for 6 
minutes) then 72° C. for 10 minutes. The 2.8 kb OsMADS 
8Pb DNA product was cloned with the Zero Blunt TOPO 
PCR cloning kit. The pCR-Blunt-II-TOPO-OsMADS-8Pb 
recombinants were identified by digesting 5 uL pCR-Blunt 
II-TOPO-OsMADS-8Pb miniprep DNA with EcoRI in a 20 
LL reaction mixture containing 2 ug BSA and 2 LL 10x 
restriction endonuclease buffer. Digests were incubated at 
37° C. for 2 hours then resolved on 1%. TAE agarose. 
Positive pCR-Blunt-II-TOPO-OsMADS-8Pb clones were 
sequenced. 

0182. The 5'-half (OsMADS-8 Pa, about 2.4 kb) was 
produced by high-fidelity PCR from pCR-XL-TOPO-Os 
MADS8-5'-g)NA, above. The reaction mixture consisted of 
1 uL pCR-XL-TOPO-OsMADS8-5'-g|DNA miniprep DNA, 
200 uM dNTP mixture, 20 uM oligonucleotide primer 
OsMADS8-C5b 5'-tcctcctcctcctcctccaccticacct-3' (SEQ ID 
NO 484), 20 uM oligonucleotide primer OsMADS8-Clb 
5'-aactaaatcgcctgcagg.cggaccgtttitttgcgaaatgcc-3' (SEQ ID 
NO 485), 5 uL 10x cloned Pfu buffer and 2.5 Units of 
Pfuturbo DNA polymerase in a final volume of 50 uL. The 
thermocycling program was at 95°C. for 30 seconds then 40 
cycles of (95° C. for 10 seconds, 50° C. for 60 seconds, 72° 
C. for 6 minutes) then 72° C. for 10 minutes. The 2.4 kb 
OsMADS-8 Pa DNA product was cloned with the Zero 
Blunt TOPO PCR cloning kit. The pCR-Blunt-II-TOPO 
OsMADS-8 Pa recombinants were identified by digesting 5 
uL pCR-Blunt-II-TOPO-OsMADS-8 Pa miniprep DNA 
with EcoRI in a 20 LL reaction mixture containing 2 Lig BSA 
and 2 LL 10x restriction endonuclease buffer. Digests were 
incubated at 37° C. for 2 hours then resolved on 1%. TAE 
agarose. Positive pCR-Blunt-II-TOPO-OsMADS-8Pb 
clones were sequenced. 
0183) 14 uL pCR-Blunt-II-TOPO-OsMADS-8Pb mini 
prep DNA was digested in a 20 Jul reaction mixture con 
taining 2 Jug BSA, 2 LL 10x restriction endonuclease buffer, 
1 uL SalI and 1 uL NcoI. The digest was incubated at 37°C. 
for more than 6 hours. The pCR-Blunt-II-TOPO-OsMADS 
8Pb (Sal/NcoI) DNA was resolved on 1.0% TAE agarose 
and the 2.96 kb OsMADS-8Pb (Sall/NcoI) band was 
excised, recovered and ethanol precipitated with glycogen 
carrier. Os MADS-8Pb (Sali/NcoI) DNA was recovered by 
micro centrifugation, washed with 70% ethanol, dried under 
vacuum and resuspended in 5 LL ddH2O. 
0.184 2 ug pNOV6901 miniprep DNA was digested in a 
20 uL reaction mixture containing 2 Jug BSA, 2 LL 10x 
restriction endonuclease buffer, 1 uL SalI and 1 uL Ncol. 
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The digest was incubated at 37° C. for more than 6 hours, 
then at 70° C. for 20 minutes. Then 1 uL of the appropriate 
10x restriction endonuclease buffer, 1 uL 1 Unit/uL CIP and 
8 uL ddHO were added to the reaction and it was further 
incubated at 37° C. for 30 minutes. The pNOV6901 (Sall/ 
NcoI/CIP) plasmid DNA was resolved on 1.0%. TAE agarose 
and the 4.7 kbpNOV6901 (SalI/NcoI/CIP) DNA band was 
excised, recovered and ethanol precipitated with glycogen 
carrier. The pNOV6901 (Sali/NcoI/CIP) DNA was recov 
ered by micro centrifugation, washed with 70% ethanol, 
dried under vacuum and resuspended in 5uL ddHO. 4.0 uL 
OsMADS-8Pb (SalI/NcoI) was ligated to 4.0 uL pNOV6901 
(SalI/NcoI/CIP) in a 10 uI reaction mixture containing 1 uL 
10x T4 DNA ligase buffer and 1 uL T4 DNA ligase (400 
Units/ul), which was incubated more than 8 hours at 16°C. 
5.0 uL of ligation mixture was transformed into 50 uL Top 10 
competent cells. The pNOV6901-OsMADS-8Pb recombi 
nants were verified by digesting 2 uI pNOV6901-Os 
MADS-8Pb miniprep DNA with 0.5 uL Sall, 0.5 uL NcoI in 
10 uL reaction mixtures containing 1 Jug BSA and 1 L 10x 
restriction endonuclease buffer. The digests were incubated 
at 37° C. for 2 hours then resolved on 1%. TAE agarose. 
Positive pNOV6901-OsMADS-8Pb recombinants were 
sequenced. 

0185. An Sbfl restriction site was introduced to 
pNOV6901-OsMADS-8Pb by ligating Synthetic Adapter III 
to the construct. Synthetic Adapter III was made by com 
bining 40 uL of 50 uM oligonucleotide 8PA-1 5'-Pg 
gagatcggg-3' (SEQ ID NO 486), 40 uL of 50 LM oligo 
nucleotide 8PA-2 5'-Ptcgacccgatcacc-3' (SEQ ID NO 
487) where P is a 5'-phosphate group in a 100 uL mix 
ture that is 25 mM in Tris-HCl (pH 8.0) and 10 mM in 
MgCl2. The mixture was boiled for 5 minutes, removed from 
heat and naturally cooled to room temperature (about 60 
minutes). This yielded a 20 uM Synthetic Adapter III 
mixture. 

0186 pNOV6901-OsMADS-8Pb was prepared by 
digesting 14 uL pNOV6901-OsMADS-8Pb miniprep DNA 
with 2 LL SalI in a 20 LL reaction mixture containing 2 ug 
BSA and 2 ul, 10x restriction endonuclease buffer. The 
digest was incubated at 37° C. for 6 hours, then at 70° C. for 
20 minutes. Then 1 uI of the appropriate 10x restriction 
endonuclease buffer, 1 uL 1 Unit/ul CIP and 8 uIl ddHO 
were added to the reaction and it was further incubated at 
37° C. for 30 minutes. The pNOV6901-OsMADS-8Pb (Sall/ 
CIP) DNA was resolved on 1%. TAE agarose, excised, 
recovered and ethanol precipitated with glycogen carrier. 
The pNOV6901-OsMADS-8Pb (Sali/CIP) DNA was recov 
ered by micro centrifugation, washed with 70% ethanol, 
dried under vacuum and resuspended in 5 Jul ddH.O. 
0187 4.5uL Synthetic Adapter III mixture was ligated to 
2.5 L pNOV6901-OsMADS-8Pb (Sal I/CIP) in a 10 uL 
ligation mixture containing 1 uL 10x T4 DNA ligase buffer 
and 1 u, T4 DNA ligase (400 U/LL), which was incubated 
more than 8 hours at 16° C. 4 uL of ligation mixture was 
transformed into 50 uL XL-1 supercompetent cells (Strat 
agene, Cat. No. 200236). The pNOV6901-OsMADS-8Pb 
Sbfl recombinants were verified by digesting 7.5 LL 
pNOV6901-OsMADS-8Pb-SbfI miniprep DNA in a 10 uL 
reaction mixture containing 1 Jug BSA, 1 uL 10x restriction 
endonuclease buffer and 1 uL SalI. The digests were incu 
bated at 37° C. for 2 hours then resolved on 1.0%. TAE 
agarose. The pNOV6901-OsMADS-8Pb-SbfI recombinants 
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that lost the SalI restriction site were digested with SbfI in 
a 10 LL reaction mixture containing 1 Jug BSA, 1 uL 10x 
SEBuffer Y restriction endonuclease buffer and 1 uL SbfI 
(New England Biolabs). The digests were incubated at 37° 
C. for 2 hours then resolved on 1.0%. TAE agarose. Positive 
pNOV6901-OsMADS-8Pb-SbfI recombinants Were 
sequenced. 
0188 2 ug pNOV6901-OsMADS-8Pb-Sbfl miniprep 
DNA was disgested in a 20 uI reaction mixture containing 
2 ug BSA, 2 LL 10x restriction endonuclease buffer and 2 LL 
SbfI. The digest was incubated at 37° C. for more than 6 
hours, then at 70° C. for 20 minutes. Then 1 uL of the 
appropriate 10x restriction endonuclease buffer, 1 uL 1 
Unit/LILCIP and 8 ul, ddHO were added to the reaction and 
it was further incubated at 37° C. for 30 minutes. 2 ug 
pCR-Blunt-II-TOPO-OsMADS-8 Pa miniprep DNA was 
digested in a 20 u, reaction mixture containing 2 Jug BSA, 
2 uL 10x restriction endonuclease buffer and 2 uIl SbfI. The 
digest was incubated at 37° C. for more than 6 hours. 
0189 The digested plasmid DNAs, pNOV6901-Os 
MADS-8Pb-Sbfl (SbfI/CIP) and pCR-Blunt-II-TOPO-Os 
MADS-8 Pa (SbfI), were resolved on 1.0%TAEagarose and 
the 7.5 kbpNOV6901-OsMADS-8Pb (SbfI/CIP) and the 2.4 
kb OsMADS-8 Pa (SbfI) bands were excised, recovered and 
ethanol precipitated with glycogen carrier. The DNA frag 
ments were recovered by micro centrifugation, washed with 
70% ethanol, dried under vacuum and each resuspended in 
5 uL dd H.O. 
0190. 4.0 L pNOV6901-OsMADS-8Pb (SbfI/CIP) was 
ligated to 4.0 uL OsmADS-8 Pa (SbfI) in a 10 uL ligation 
mixture containing 1 uL 10x T4DNA ligase buffer and 1 uL 
T4 DNA ligase (400 U/LL), which was incubated for more 
than 8 hours at 16° C. 5.0 uL of ligation mixture was 
transformed into 50 uL Top10 competent cells. The 
pNOV6901-OsMADS-8P recombinants were verified by 
digesting 7.5 uL pNOV6901-OsMADS-8P miniprep DNA 
with 0.5 L SbfI, 0.5 uL NcoI in 10 uL reaction mixtures 
containing 1 Jug BSA and 1 uL 10x restriction endonuclease 
buffer. The digests were incubated at 37°C. for 2 hours then 
resolved on 1%. TAE agarose. Positive pNOV6901-Os 
MADS-8P recombinants were sequenced. 
0191). D. Construction of the OsMADS8 3'-Regulatory 
Sequence 

0.192 The OsMADS-8 3'-regulatory sequence for the 
expression cassette, about 2.1 kb, was produced by high 
fidelity PCR from the pCR-Blunt-II-OsMADS8-3'-g|DNA 
clone, above. The reaction mixture consisted of 1 uL pCR 
Blunt-II-OsMADS8-3'-g|DNA miniprep DNA, 200 uM 
dNTP mixture, 20 uM oligonucleotide primer OsMADS8 
C2 5'-acgtcccggg.cggaccgagtcatcgatcatgac-3' (SEQ ID NO 
488), 20 uM oligonucleotide primer OsMADS8-C4 5'-tc 
gag.cggcc.gcaggccgatgcgacaaccaataaaaac-3' (SEQ ID NO 
489), 5 uL 10x cloned Pfu buffer and 2.5 Units of Pfuturbo 
DNA polymerase (Stratagene, Cat. No. 600252) in a final 
volume of 50 uL. The thermocycling program was 95°C. for 
30 seconds then 40 cycles of (95°C. for 10 seconds, 50° C. 
for 60 seconds, 72° C. for 6 minutes) then 72° C. for 10 
minutes. The OsMADS-8T DNA product was recovered 
using the QIAquick PCR purification kit. The recovered 
OsMADS-8T DNA was ethanol precipitated with glycogen 
carrier. The OsMADS-8T DNA was recovered by micro 
centrifugation, washed with 70% ethanol, dried under 
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vacuum and resuspended in 14 uL ddHO. The OsMADS 
8T DNA was digested in a 20LL reaction mixture containing 
2 ug BSA, 2 LL 10x restriction endonuclease buffer, 1 uL 
NotI and 1 uL Xmal. The digest was incubated at 37° C. for 
more than 6 hours. The OsMADS-8T (Not/Xmal) DNA 
was resolved on 1.0%. TAE agarose, excised, recovered and 
ethanol precipitated with glycogen carrier. The OsMADS 
8T (NotI/Xmal) DNA was recovered by micro centrifuga 
tion, washed with 70% ethanol, dried under vacuum and 
resuspended in 5 uL ddH.O. 
0193 2 ugpNOV6901-OsMADS-8P miniprep DNA was 
digested in a 20 u, reaction mixture containing 2 Jug BSA, 
2 uL 10x restriction endonuclease buffer, 1 uL Not and 1 LL 
Xmal. The digest was incubated at 37° C. for more than 6 
hours, then at 70° C. for 20 minutes. Then 1 LIL of the 
appropriate 10x restriction endonuclease buffer, 1 uL 1 
Unit/uIL CIP and 8 uI ddHO were added to the reaction and 
it was further incubated at 37° C. for 30 minutes. The 
pNOV6901-OsMADS-8P (NotI/Xmal/CIP) plasmid DNA 
was resolved on 1.0% TAE agarose and the 9.9 kb 
pNOV6901-OsMADS-8P band was excised, recovered and 
ethanol precipitated with glycogen carrier. The pNOV6901 
OsMADS-8P (NotI/XmaI/CIP) DNA fragment was recov 
ered by micro centrifugation, washed with 70% ethanol, 
dried under vacuum and resuspended in 5 ul, ddH.O. 
0194 4.0 L of the pNOV6901-OsMADS-8P (NotI/ 
Xmal/CIP) was ligated to 4.0 uL OsMADS-8T (NotI/Xmal) 
in a 10 uL ligation mixture containing 1 uL 10x T4 DNA 
ligase buffer and 1 LLT4 DNA ligase (400 Units/uIL), which 
was incubated more than 8 hours at 16°C. 5.0 uL of ligation 
mixture was transformed into 50 uL Top10 competent cells. 
pNOV6901-OsMADS-8P/OsMADS-8T recombinants were 
verified by digesting 2 uIl pNOV6901-OsMADS-8P/Os 
MADS-8T miniprep DNA with 1.0 uL Rsr|I in 10 uL 
reaction mixtures containing 1 Jug BSA and 1 uL 10x 
restriction endonuclease buffer. The digests were incubated 
at 37° C. for 2 hours then resolved on 1%. TAE agarose. 
Positive pNOV6901-OsMADS-8P/OsMADS-8T recombi 
nants were sequenced. The finished clone was designated 
pNOV6901-OsMADS-8P/OsMADS-8T. The plasmid's QC 
number is 11170. 11170 contains the complete OSMADS8 
expression cassette depicted by SEQ ID NO. 538. 
0.195 E. Mobilization of the OsMADS8 GUS Expression 
Cassette into pNOV6900 
0196) 2 ug pNOV6900 was digested in a 20 LL reaction 
mixture containing 2 Jug BSA, 2 LL 10x restriction endonu 
clease buffer and 2 uL Rsr|I. The digest was incubated at 37° 
C. for more than 6 hours, then at 70° C. for 20 minutes. Then 
1 uL of the appropriate 10x restriction endonuclease buffer, 
1 uL 1 Unit/LIL CIP and 8 ul, ddHO were added to the 
reaction and it was further incubated at 37° C. for 30 
minutes. 2 ugpNOV6901-OsMADS-8P/OsMADS-8T mini 
prep DNA was digested in a 20 Jul reaction mixture con 
taining 2 ug BSA, 2 LL 10x restriction endonuclease buffer 
and 2 ul, Rsr|I. The digest was incubated the reaction at 37° 
C. for more than 6 hours. 

0197) The digested plasmid DNAs, pNOV6900 
(RsriCIP) and pNOV6901-OsMADS-8P/OsMADS-8T 
(RSrI), were resolved on 1.0% TAE agarose and the 9.2 kb 
pNOV6900 (Rsr|I/CIP) and the 9.5 kb pNOV6901-Os 
MADS-8P/OsMADS-8T (Rsr|I) bands were excised, recov 
ered and ethanol precipitated with glycogen carrier. The 
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pNOV6900 (Rsr|I/CIP) and the pNOV6901-OsMADS-8P/ 
OsMADS-8T (Rsr|I) DNA fragments were recovered by 
micro centrifugation, washed with 70% ethanol, dried under 
vacuum and each resuspended in 5 LL ddH2O. 

0198 4.0 L of pNOV6900 (Rsr|I/CIP) was ligated to 4.0 
uL pNOV6901-OsMADS-8P/OsMADS-8T (RsriI) in a 10 
LL ligation mixture containing 1 uL 10x T4 DNA ligase 
buffer and 1 uL T4 DNA ligase (400 U/LL). The ligation 
mixture was incubated more than 8 hours at 16° C. 5.0 uL 
of ligation mixture was transformed into 50 uL Top 10 
competent cells. The pNOV6900-pNOV6901-OsMADS 
8P/OsMADS-8T recombinants were verified by digesting 
7.5 L pNOV6900-pNOV6901-OsMADS-8P/OsMADS-8T 
miniprep DNA with 1.0 uL NcoI in 10 uL reaction mixtures 
containing 1 Jug BSA and 1 uL 10x restriction endonuclease 
buffer. The digests were incubated at 37°C. for 2 hours then 
resolved on 1%. TAE agarose. Positive pNOV6900 
pNOV6901-OsMADS-8P/OsMADS-8T recombinants were 
sequenced. The finished clone was designated pNOV6909. 
The plasmid's QC number is 11171. 

0199 The engineered alterations in the 5'-regulatory 
sequence derived from the OsMADS8 gene include intro 
duction of an SbfI site followed by an Rsr|I site at the 5'-end 
of OsMADS8P, elimination of the natural translation start 
codon in OsMADS8P elimination of undesired open read 
ing frames in the new 5'-untranslated leader sequence tran 
scribed from OsMADS8P, insertion of a Kozak sequence 
upstream of the new translation start codon in OsMADS8P 
and insertion of the new translation start codon downstream 
of the intron1/exon2 junction in OsMADS8P as an NcoI site. 
The engineered alterations in the 3'-gene regulatory 
sequence derived from the OsMADS8 gene include intro 
duction of a Not site at the 5'-terminus of OSMADS8T and 
introduction of an Rsri site at the 3'-terminus of 
OsMADS8T. In this configuration the GUS coding sequence 
can be replaced with any gene of interest flanked by Ncol/ 
NotI restriction sites. The complete cassette is mobilized, as 
an Rsr|I fragment, to the binary vector pNOV6900. 

0200. The cassette was transformed into A188 X HyII 
maize and Kaybonnet rice using standard agrobacterium 
mediated methodology. 

0201 GUS Expression in T0 Maize 
0202 Forty TO transgenic maize lines were generated. 
Tassel spikelets were histochemically screened for GUS 
activity. Twenty-nine events were positive for GUS activity. 
Thirteen also showed GUS expression in leaf punches. In 
general, the pattern revealed detectable GUS activity in 
tassels and little of no activity in leaf punches. The ear from 
one plant reflecting this pattern was sacrificed to examine 
GUS expression. Strong GUS expression is evident through 
out the ear. These data indicate the cassette drives GUS 
expression primarily in female reproductive tissue. 

0203 GUS Expression in TO Rice 
0204] Of thirty-six T0 rice lines containing pNOV6909, 
thirty-two independent transformants were histochemically 
stained for GUS expression. No GUS activity was detected 
in leaf tissue. In most events, activity localized to panicles 
and could be seen in anthers or the carpel base. Staining 
intensity varied significantly. 
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0205 GUS Expression in T1 Maize 
0206 T1 progeny from four independent transformants 
were sown and analyzed in detail for GUS expression. FIGS. 
14A-14D show there was no detectable GUS expression in 
tassels, leaf tissue, developing silk or shoots. This indicates 
tassel and leaf expression observed in TO plants may result 
from tissue culture associated with the transformation pro 
cess. Dissected organs from T1 tassels indicated no apparent 
GUS expression (data not shown). FIG. 14D shows no GUS 
activity in the node attached to the developing ear shoot. The 
node below this also has no detectable GUS activity, but 
there is distinct activity in florets on the arrested ear (FIG. 
14E). The expression cassette is activated very early infloret 
development. FIGS. 14F, 14G, 15A and 15B show GUS 
activity in the central pith and florets of the developing ear 
before pollination. This pattern persists from 5 days before 
pollination to one day before pollination. Central pith 
expression persists up to 1 day before pollination, after 
which GUS activity is no longer detected in this Zone (FIGS. 
15 and 16). FIGS. 15D-15G indicate some GUS activity in 
the ears outer vasculature and the florets transmitting tissue 
from the day of pollination to 1 day after pollination. 
Afterwards, GUS activity is detected only in the maternal 
components of developing kernels. Data shown in FIGS. 15 
and 16 cover development from 1 day before pollination to 
20 days after pollination. GUS protein is detectable through 
out ovule and kernel development, up to 20 days after 
pollination. These data support the OsMADS8 cassette as a 
very good candidate for trait expression in developing 
florets. When driven by the OsMADS8-based expression 
cassette, genes that facilitate phloem unloading Such as 
invertase or a sucrose transporter should prove effective in 
Supporting early ear development by increasing sink 
strength. FIG. 25C shows very light staining in the aerial 
tissue, with no GUS activity in the roots 
0207. In summary, the present invention includes expres 
sion cassettes based on the Oryza sativa OsMADS8 gene. It 
consists of the gene’s promoter including the first intron, 
5'-UTR, 3'-UTR and 3'-nontranscribed sequence. The cas 
sette's design facilitates replacement of the GUS coding 
sequence with any gene of interest. The cassette targets gene 
expression primarily to developing florets and kernels, and 
the placental tissue beneath each floret. Post-fertilization, 
expression is detected in the aleurone, hilar region and 
pedicel. Developmentally, the cassette should drive gene 
expression from a very early point in ovule development, 
perhaps from shortly after differentiation. 

EXAMPLE 6 

Construction of the OsMADS13 Expression 
Cassette 

0208 A. Cloning of the OsMADS13 5'-Regulatory 
Sequence 

0209. The OsMADS13 5'-regulatory sequence from rice 
genomic DNA (gDNA) was amplified using high-fidelity 
PCR. The 50 LL reaction mixture consisted of 100 ng rice 
gDNA, 200 uM dNTPs, 1 uL 20 uMoligonucleotide primer 
OSMADS 13-C1 5'-gactgcatgcggaccgttccaaaat 
taagcacacacatttg-3' (SEQ ID NO 490), 1 uL 20 uM oligo 
nucleotide primer OsMADS 13-C2 5'-gacticcatggcttctgctict 
caactgatcaac-3' (SEQ ID NO 491), 1 uL 10x Expand High 
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Fidelity buffer and 1 uL Expand High Fidelity polymerase. 
The thermocycling program was at 95° C. for 2 minutes 
followed by 40 cycles of (94° C. for 15 seconds, 68° C. for 
7.5 minutes) followed by 68° C. for 10 minutes. The 1.9 kb 
OsMADS13-5'-g|DNA DNA fragment was recovered and 
ethanol precipitated with glycogen carrier. The OsMADS13 
5'-gldNA fragment was recovered by micro centrifugation, 
washed with 70% ethanol, dried under vacuum and resus 
pended in 14 uL ddHO. The OsMADS13-5'-g|DNA frag 
ment was digested in a 20 LL reaction mixture containing 2 
ug BSA, 2 uL 10x restriction endonuclease buffer and 2 LL 
NcoI. The digest was incubated at 37° C. for more than 6 
hours. The digest was resolved on 1.0%. TAE agarose and the 
1.9 kb OsMADS13-5'-g|DNA (NcoI) DNA band was 
excised, recovered and ethanol precipitated with glycogen 
carrier. The OsMADS13-5'-g|DNA (NcoI) DNA as recov 
ered by micro centrifugation, washed with 70% ethanol, 
dried under vacuum and resuspended in 5 Jul ddH.O. 
0210 2 ug pNOV6901 miniprep DNA was digested in a 
20 uL reaction mixture containing 2 Jug BSA, 2 LL 10x 
restriction endonuclease buffer and 2 LL SphI. The digest 
was incubated at 37° C. for more than 6 hours, then at 70° 
C. for 20 minutes. Then 1 uL of the appropriate 10x 
restriction endonuclease buffer, 1 uL 1 Unit/ul CIP and 8 uI. 
ddHO were added to the reaction and it was further 
incubated at 37° C. for 30 minutes. The pNOV6901 (SphI/ 
blunt) DNA was resolved on 1.0%. TAE agarose and the 4.7 
kbpNOV6901 (SphI/blunt) band was excised, recovered 
and ethanol precipitated with glycogen carrier. The 
pNOV6901 (SphI/blunt) DNA was recovered by micro 
centrifugation, washed with 70% ethanol, dried under 
vacuum and resuspended in 14 LL ddH.O. 
0211 pNOV6901 (SphI/blunt) miniprep DNA was 
digested in a 20 u, reaction mixture containing 2 Jug BSA, 
2 uL 10x restriction endonuclease buffer and 2 LL Ncol. The 
digest was incubated at 37° C. for more than 6 hours. The 
pNOV6901 (SphI/blunt/NcoI) plasmid DNA was resolved 
on 1.0% TAE agarose and the 4.7 kb pNOV6901 (SphI/ 
blunt/NcoI) band was excised, recovered and ethanol pre 
cipitated with glycogen carrier. The pNOV6901 (SphI/blunt/ 
NcoI) DNA was recovered by micro centrifugation, washed 
with 70% ethanol, dried under vacuum and resuspended in 
5 uL ddH.O. 
0212 4.0 uL OsMADS13-5'-g|DNA (NcoI) was ligated to 
4.0 uL pNOV6901 (SphI/blunt/NcoI) in a 10 uL ligation 
mixture containing 1 uL 10x T4DNA ligase buffer and 1 uL 
T4 DNA ligase (400 Units/uIL). The ligation mixture was 
incubated more than 8 hours at 16°C. 5.0 uL of the ligation 
mixture was transformed into 50 uL Top10 competent cells. 
The pNOV6901-OsMADS13P recombinants were verified 
by digesting 2 uIl pNOV6901-OsMADS13P miniprep DNA 
with 0.5 L XhoI, 0.5 uL NcoI in 10 uL reaction mixtures 
containing 1 Jug BSA and 1 uL 10x restriction endonuclease 
buffer. The digests were incubated at 37°C. for 2 hours then 
resolved on 1%. TAE agarose. Positive pNOV6901 
OsMADS 13P recombinants were sequenced. 
0213 B. Cloning of the OsMADS13 3'-Regulatory 
Sequence 

0214) The OsMADS 13 3'-regulatory sequence from rice 
genomic DNA (gDNA) was amplified using high-fidelity 
PCR. The 50 uL reaction mixture consisted of 100 ng rice 
gDNA, 200 uM dNTPs, 1 uL 20 uMoligonucleotide primer 
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OSMADS 13-C3 5'-tcgagcgg.ccgctgacatggatatgatgatcag-3' 
(SEQ ID NO 492), 1 uL 20 uM oligonucleotide primer 
OSMADS 13-C4 5'-acgtatcgatcggaccgcaacg 
cacgggcacccaac-3' (SEQ ID NO 493), 1 uL 10x Expand 
High Fidelity buffer and 1 uL Expand High Fidelity poly 
merase. The thermocycling program was at 95° C. for 2 
minutes followed by 40 cycles of (94° C. for 15 seconds, 60° 
C. for 30 seconds, 68° C. for 6 minutes) followed by 68° C. 
for 15 minutes. The 1.2 kb OsMADS13-3'-g|DNA DNA 
fragment was recovered and ethanol precipitated with gly 
cogen carrier. The OsMADS 13-3'-gldNA DNA fragment 
was recovered by micro centrifugation, washed with 70% 
ethanol, dried under vacuum and resuspended in 14 uI. 
ddH.O. 
0215. The OsMADS13-3'-g|DNA fragment was digested 
in a 20 LL reaction mixture containing 2 Jug BSA, 2 LL 10x 
restriction endonuclease buffer and 2 LL NotI. The digest 
was incubated at 37° C. for more than 6 hours then resolved 
on 1.0% TAE agarose and the 1.2 kb OsMADS13-3'-g|DNA 
(NotI) DNA band was excised, recovered and ethanol pre 
cipitated with glycogen carrier. The OsMADS 13-3'-gldNA 
(NotI) DNA was recovered by micro centrifugation, washed 
with 70% ethanol, dried under vacuum and resuspended in 
5 uL ddH.O. 
0216) 2 pig pNOV6901-OsMADS13P miniprep DNA was 
digested in a 20 u, reaction mixture containing 2 Jug BSA, 
2 uL 10x restriction endonuclease buffer, 1 uL Not and 1 LL 
SmaI. The digest was incubated at 37° C. for more than 6 
hours, then at 70° C. for 20 minutes. Then 1 LIL of the 
appropriate 10x restriction endonuclease buffer, 1 uL 1 
Unit/ul CIP and 8 ul ddHO were added to the reaction and 
it was further incubated at 37° C. for 30 minutes. The 
pNOV6901-OsMADS13P (NotI/SmaI/CIP) DNA was 
resolved on 1.0%. TAE agarose and the 6.6 kb band was 
excised, recovered and ethanol precipitated with glycogen 
carrier. The pNOV6901-OsMADS13P (NotI/SmaI/CIP) 
DNA fragment was recovered by micro centrifugation, 
washed with 70% ethanol, dried under vacuum and resus 
pended each in 5 uL ddH.O. 
0217. 4.0 L pNOV6901-OsMADS13P (NotI/SmaI/CIP) 
was ligated to 4.0 uL OsMADS13-3'-g|DNA (NotI) in a 10 
LL ligation mixture containing 1 uL 10x T4 DNA ligase 
buffer and 1 uLT4DNA ligase (400 Units/uIL). The ligation 
mixture was incubated more than 8 hours at 16° C. 5.0 uL 
of the ligation mixture was transformed into 50 uL Top 10 
competent cells. The pNOV6901-OsMADS13P/ 
OsMADS 13T recombinants were verified by digesting 7.5 
uL pNOV6901-OsMADS13P/OsMADS13T miniprep DNA 
with 1.0LL Not in 10 LL reaction mixtures containing 1 ug 
BSA and 1 uL 10x restriction endonuclease buffer. Digests 
were incubated at 37° C. for 2 hours then resolved on 1% 
TAE agarose. Positive pNOV6901-OsMADS13P/ 
OsMADS 13T recombinants were sequenced. The finished 
clone was designated pNOV6904, which is also the plas 
mids QC number. pNOV6904 contains the complete 
OSMAD13 expression cassette depicted by SEQ ID NO. 
539. 

0218 C. Mobilization of the OsMADS13 GUS Expres 
sion Cassette into pNOV6900 
0219 2 ug pNOV6900 was digested in a 20 LL reaction 
mixture containing 2 Jug BSA, 2 LL 10x restriction endonu 
clease buffer and 2 uL Rsr|I. The digest was incubated at 37° 
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C. for more than 6 hours, then at 70° C. for 20 minutes. Then 
1 uL of the appropriate 10x restriction endonuclease buffer, 
1 uL 1 Unit/LIL CIP and 8 ul, ddHO were added to the 
reaction and it was further incubated at 37° C. for 30 
minutes. 2 ug pNOV6901-OsMADS13P/OsMADS13T 
miniprep DNA was digested in a 20 uI reaction mixture 
containing 2 Lig BSA, 2 LL 10x restriction endonuclease 
buffer and 2 ul, Rsr|I. The digest was incubated the reaction 
at 37° C. for more than 6 hours. 

0220) The digested plasmid DNAs, pNOV6900 (Rsr|I/ 
CIP) and pNOV6901-OsMADS13P/OsMADS13T (RsriI), 
were resolved on 1.0% TAE agarose and the 9.2 kb 
pNOV6900 (Rsr|I/CIP) and the 5.3 kb pNOV6901 
OsMADS13P/OsMADS13T (Rsr|I) bands were excised, 
recovered and ethanol precipitated with glycogen carrier. 
The pNOV6900 (Rsr|I/CIP) and pNOV6901-OsMADS13P/ 
OsMADS13T (Rsr|I) DNA fragments were recovered by 
micro centrifugation, washed with 70% ethanol, dried under 
vacuum and resuspended each in 5 LL ddH2O. 
0221) 4.0 L of pNOV6900 (Rsr|I/CIP) was ligated to 4.0 
uL pNOV6901-OsMADS13P/OsMADS13T (Rsr|I) in a 10 
LL ligation mixture containing 1 uL 10x T4 DNA ligase 
buffer and 1 uL T4 DNA ligase (400 U/LL). The ligation 
mixture was incubated more than 8 hours at 16° C. 5.0 uL 
of ligation mixture was transformed into 50 uL Top 10 
competent cells. The pNOV6900-pNOV6901 
OsMADS13P/OsMADS13T recombinants were verified by 
digesting 7.5 uL pNOV6900-pNOV6901-OsMADS13P/ 
OsMADS13T miniprep DNA with 1.0 uL NcoI in 10 uL 
reaction mixtures containing 1 Jug BSA and 1 LIL 10x 
restriction endonuclease buffer. The digests were incubated 
at 37° C. for 2 hours then resolved on 1%. TAE agarose. 
Positive pNOV6900-pNOV6901-OsMADS13P/ 
OsMADS 13T recombinants were sequenced. The finished 
clone was designated pNOV6905, which is also the plas 
mids QC number. 
0222. The engineered alterations in the 5'-gene regulatory 
sequence derived from the OsMADS13 gene include intro 
duction of an Rsr|I site at the 5'-end of OsMADS 13P. 
insertion of a Kozak sequence upstream of the natural 
OsMADS 13P translation start codon and modification of the 
natural OsMADS 13P translation start codon so that it is 
contained within an NcoI site. The engineered alterations in 
the 3'-gene regulatory sequence derived from the 
OsMADS 13 gene include introduction of a NotI site at the 
5'-terminus of OsMADS13T and introduction of an Rsr|I 
site at the 3'-terminus of OsMADS13T. In this configuration 
the GUS coding sequence can be replaced with any gene of 
interest flanked by NcoI/NotI restriction sites. The complete 
cassette is mobilized, as an RSrI fragment, to the binary 
vector pNOV6900. 

0223 The cassette was transformed into A188 X HyII 
maize and Kaybonnet rice using standard agrobacterium 
mediated methodology. 

0224 GUS Expression in T0 Maize 
0225 Sixty-seven TO transgenic maize lines were gener 
ated. Tassel spikelets were histochemically screened for 
GUS expression. Fifty-six were positive for GUS activity. 
Thirty-five also showed GUS expression in leaf punches. 
Ten lines had no detectable GUS activity in tassels or leaf 
punches. 
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0226 Two TO lines were selected to analyze GUS expres 
sion in developing ears. Both lines had a GUS signal in 
tassel spikelets and no GUS signal in leaf punches. Ears 
were harvested approximately 7 days before silking and 
histochemically stained for GUS expression. Whole sections 
showed a strong GUS signal only in developing florets, 
whereas GUS activity is absent in Surrounding ear tissue. 
These data indicate the OsMADS13 expression cassette 
functions to drive GUS expression in both male and female 
spikelets in T0 maize transformants. 
0227 GUS Expression in TO Rice 
0228. Thirty-three TO rice lines were produced. Fourteen 
independent transformants were histochemically stained for 
GUS expression GUS activity was primarily detected in 
spikelets. Some plants also had GUS activity in leaf tissue. 
0229 GUS Expression in T1 Maize 
0230 T1 progeny from three independent transformants 
were sown and analyzed in detail for GUS expression. FIGS. 
20A-20C and FIGS. 21A-21C show there was no detectable 
GUS expression in leaf tissue, developing silk or tassels. 
This indicates tassel expression observed in TO plants may 
result from tissue culture associated with the transformation 
process. Dissected organs from T1 tassels indicated no 
apparent GUS expression (data not shown). FIGS. 20D and 
20E show GUS activity in the developing ear harvested 
about 5 days before pollination. The longitudinal section 
showed expression localized to developing ovules and trans 
mitting or placental tissue. The cross section Supports this 
and provides further evidence for expression in ear Vascu 
lature. FIG. 21 summarizes observed GUS expression in a 
second transgenic event. It also localizes to Zones where 
ovules will likely develop. FIG. 22 demonstrates expression 
localizes to vasculature Supplying the developing ear. 

0231. These data support the OsMADS 13 cassette as a 
very good candidate for trait expression in developing 
ovules. When driven by the OsMADS 13-based expression 
cassette, genes that facilitate phloem unloading Such as 
invertase or a sucrose transporter should prove effective in 
Supporting early ear development by increasing sink 
strength. 

0232 FIGS. 23 and 24 demonstrate the cassette continues 
to function post-fertilization. The observed GUS expression 
pattern at 4 and 6 days after pollination (FIG. 23). Late in 
kernel development (21 days after pollination) GUS expres 
sion remains localized to the pedicel and hilar regions (FIG. 
24). It also appears in the aleurone. GUS protein is detect 
able throughout ovule and kernel development, up to 21 
days after pollination. FIG. 25D shows very light staining in 
the aerial tissue, with no GUS activity in the roots. 
0233. The present invention includes an expression cas 
sette based on the Oryza sativa OsMADS13 gene. The 
expression cassette includes the gene's promoter, including 
the first intron and the 5'-UTR, the 3'-UTR and the 3'-non 
transcribed sequence. These components were assembled 
into a GUS expression cassette and tested in transgenic 
plants. The cassette's design facilitates replacement of the 
GUS coding sequence with any gene of interest. The cassette 
will target gene expression to the vasculature within the 
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placental tissue below the floret of developing ear spikelets. 
Post-fertilization, expression is also expected in the aleu 
rone, hilar region and pedicel. Developmentally, the cassette 
should drive gene expression from a very early point, more 
than 7 days before pollination, in ovule development. 

EXAMPLE 7 

Identification of the OsT6PP cDNA Sequence 

0234. The first vascular plant trehalose-6-phosphate 
phosphatase genes were cloned from Arabidopsis thaliana 
by complementation of a yeast tps2 deletion mutant (Vogel 
et al. 1998). The genes designated AtTPPA and AttPPB 
(GenBank accessions AF007778 and AF007779) were 
shown at that time to have trehalose-6-phosphate phos 
phatase activity. The AtTPPA and AtTTPB protein 
sequences were used in TBLASTN queries of maize and rice 
sequence databases. Sequence alignments organized the hits 
into individual genes. Three maize and three rice T6PP 
homologs were identified. The cDNA sequences corre 
sponding to the predicted protein sequence for each gene— 
ZmT6PP-1, -2 and -3 and OsT6PP-1, -2 and -3—are shown 
in global alignment with the Arabidopsis T6PPs in FIG. 26. 

0235. The composition and method of the present inven 
tion includes using the OsMADS6 promoter operably linked 
to a nucleic acid molecule that when expressed in a plant 
cell, increases the expression of T6PP. By doing so, flux 
through the trehalose pathway is increased only in young 
developing ears where it functions to increase flux through 
central carbon metabolism. 

0236). The OsT6PP-3 cDNA sequence (SEQID NO. 531) 
is amplified using high-fidelity PCR. The 50 uL reaction 
mixture consists of 1 L rice cDNA library (prepared from 
callus mRNA in Stratagene's Lambda Unizap Vector, pri 
mary library size>1x10 pfu, amplified library titers 1x10' 
pfu/mL), 200 uM dNTPs, 1 uL 20 uM of oligonucleotide 
primer T6PP-EC-5 (5'-catggaccatggatttgagcaatagcticac-3') 
SEQID NO. 528 and 1 uL 20 uM of oligonucleotide primer 
T6PP-EC-3 (5'-atcgcagagcticacactgagtgcttct tcc-3") SEQ ID 
NO. 529, 5 uL 10x Cloned PFU buffer and 2.5 Units of 
Pfuturbo DNA polymerase. The thermocycling program is 
95° C. for 2 minutes followed by 40 cycles of (94° C. for 15 
seconds, 50° C. for 1 minute, 72° C. for 1 minute) followed 
by 72° C. for 10 minutes. The OsT6PP-3 product is cloned 
with the Zero Blunt TOPO PCR cloning kit. The pCR-Blunt 
II-TOPO-OsT6PP-3 is identified by digesting 5 uL pCR 
Blunt-II-TOPO-OsT6PP-3 miniprep DNA with EcoRI in a 
20 uL reaction containing 2 ug BSA and 2 LL 10x EcoRI 
restriction endonuclease buffer. The reaction is incubated at 
37° C. for 2 hours and the pCR-Blunt-II-TOPO-OsT6PP-3 
(EcoRI) products are resolved on 1%. TAE agarose. The 
pCR-Blunt-II-TOPO-OsT6PP-3 clone is then sequenced. 
The OsT6PP-3 cDNA is flanked by NcoI/SacI restriction 
endonuclease sites. 

0237 To facilitate cloning into 11082, an internal NcoI 
site in OsT6PP was silenced using Stratagene’s QuikChange 
Multi Site-Directed Mutagenesis Kit and the oligonucleotide 
primer T6PP-QC (5'-CTTT ATTATGCTGGAAGTCATGG 
TATGGACATAATGGCACC-3') SEQ ID NO. 530. 
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EXAMPLE 8 

Construction of OSMADS6-T6PP 

0238 A. Construction of the OsMADS6-OsT6PP-3 
Expression Cassette 
0239). The pCR-Blunt-II-TOPO-OsT6PP-3 clone (14 uL) 
DNA was digested in a 20 Jul reaction mixture containing 2 
ug BSA, 2 LL 10x restriction endonuclease buffer, 1 uL Nicol 
and 1 uL SacI. The digest was incubated at 37° C. for more 
than 6 hours. The pCR-Blunt-II-TOPO-OsT6PP-3 
(NcoVSacI) DNA was resolved on 1.0% TAE agarose and 
the 1.3 kb OsT6PP-3 (NcoI/SacI) band was excised, recov 
ered and ethanol precipitated with glycogen carrier. The 
OsT6PP-3 (NcoI/SacI) DNA was recovered by micro cen 
trifugation, washed with 70% ethanol, dried under vacuum 
and resuspended in 5 L ddH.O. 
0240 2 ug 11082 miniprep DNA was digested in a 20 LL 
reaction mixture containing 2 Jug BSA, 2 LL 10x restriction 
endonuclease buffer, 1 uL NcoI and 1 uL SacI. The digest 
was incubated at 37° C. for more than 6 hours, then at 70° 
C. for 20 minutes. Then 1 uL of the appropriate 10x 
restriction endonuclease buffer, 1 uL 1 Unit/uILCIP and 8 uI. 
ddHO were added to the reaction and it was further 
incubated at 37° C. for 30 minutes. The 11082 (NcoI/SacI/ 
CIP) DNA was resolved on 1.0% TAE agarose and the 8.1 
kb 11082 (NcoI/SacI/CIP) band was excised, recovered and 
ethanol precipitated with glycogen carrier. The 11082 (NcoI/ 
SacI/CIP) DNA fragment was recovered by micro centrifu 
gation, washed with 70% ethanol, dried under vacuum and 
resuspended in 5 uL ddH.O. 
0241. 4.0 L 11082 (NcoI/SacI/CIP) was ligated to 4.0 uL 
OsT6PP-3 (NcoI/SacI) in a 10 uI reaction mixture contain 
ing 1 uL 10x T4 DNA ligase buffer and 1 uLT4 DNA ligase 
(400 Units/uIL). The reaction mixture was incubated more 
than 8 hours at 16° C. 5.0 uL of ligation mixture was 
transformed into 50 uL Top 10 competent cells. The recom 
binants were verified by digesting 7.5 uL 11082-OsT6PP-3 
miniprep DNA with 1.0 LL RsriI in 10 uI reaction mixtures 
containing 1 Jug BSA and 1 uL 10x restriction endonuclease 
buffer. The digests were incubated at 37°C. for 2 hours then 
resolved on 1%. TAE agarose. Positive 11082-OsT6PP-3 
recombinants were sequenced. The vector was designated 
OsMADS6-OsT6PP-Assembly and is shown in FIG. 27A. 
0242 B. Mobilization of the OsMADS6-OsT6PP-As 
sembly Expression Cassette into pNOV6900 
0243 2 ug pNOV6900 was digested in a 20 LL reaction 
mixture containing 2 Jug BSA, 2 LL 10x restriction endonu 
clease buffer and 2 uL Rsr|I. The digest was incubated at 37° 
C. for more than 6 hours, then at 70° C. for 20 minutes. Then 
1 uL of the appropriate 10x restriction endonuclease buffer, 
1 uL 1 Unit/ul CIP and 8 ul ddHO were added to the 
reaction and it was further incubated at 37° C. for 30 
minutes. 2 ug pNOV6906-OsT6PP-Assembly miniprep 
DNA was digested in a 20 Jul reaction mixture containing 2 
ug BSA, 2 uL 10x restriction endonuclease buffer and 2 LL 
Rsr|I. The digest was incubated at 37° C. for more than 6 
hours. 

0244.) The pNOV6900 (Rsr|I/CIP) and the pNOV6906 
OsT6PP-Assembly (Rsr|I) plasmid DNAs were resolved on 
1.0% TAE agarose, and the 9.2 kbpNOV6900 (Rsr|I/CIP) 
and the 6.8 kbpNOV6906-OsT6PP-Assembly (Rsr|I) bands 
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were excised, recovered and ethanol precipitated with gly 
cogen carrier. The pNOV6900 (Rsr|I/CIP) and pNOV6906 
OsT6PP-Assembly (Rsr|I) DNA fragments were recovered 
by micro centrifugation, washed with 70% ethanol, dried 
under vacuum and resuspended in 5 LIL did H2O each. 
0245 4.0 uL pNOV6900 (Rsr|I/CIP) was ligated to 4.0 
uL pNOV6906-OsT6PP-Assembly (RSriI) in a 10 uL liga 
tion mixture containing 1 uL 10x T4 DNA ligase buffer and 
1 LLT4 DNA ligase (400 U/L). The ligation mixture was 
incubated more than 8 hours at 16° C. 5.0 L of ligation 
mixture was transformed into 50 uL Top10 competent cells. 
The pNOV6900-pNOV6906-OsT6PP-Assembly recombi 
nants were verified by digesting 7.5 uL miniprep DNA with 
1.0LL Ncol in 10 LIL reaction mixtures containing 1 g BSA 
and 1 uL 10x restriction endonuclease buffer. The digests 
were incubated at 37° C. for 2 hours then resolved on 1% 
TAE agarose. Positive pNOV6900-pNOV6906-OsT6PP 
Assembly recombinants were sequenced. The finished clone 
was designated OsMADS6-OsT6PP-Binary and is shown in 
FIG. 27B. The plasmid's QC number is 12194. 
0246 The OsMADS6-OsT6PP-3 expression cassette 
(SEQ ID NO. 533) was transformed into A188 maize using 
standard agrobacterium mediated methodology. Regener 
ated TO shoots were screened transgene copy number and 
insert integrity using a TaqmanTM assay. Events containing 
a single copy of the OsMADS6-OsT6PP-3 expression cas 
sette and no other sequence derived from the binary vector 
were identified. 

0247 Expression cassette function in each transgenic 
Event was verified by RT-PCR. DNA-free total RNA tem 
plate was prepared from 100 mg of TO tassel tissue using the 
RNeasy Plant mini Kit. The RT-PCR assay was performed 
using the Qiagen One Step RT-PCR kit with 100 ng total 
RNA template, the T6PP-RTPCRF (5'-gacagaactgacgaa 
gacgctttcaa-3') and 6906-tr (5'-ctccaacttctgacagctg-3") prim 
ers (SEQ ID NOS. 534, 535 respectively). This assay 
produces a transgene-specific 210 bp fragment. 

EXAMPLE 9 

Greenhouse Growth Conditions 

0248 Corn seed is sown into 2.5 SVD pots (Classic 600, 
~2 gallon nursery containers) in Universal mix (Sungrow 
Horticulture, Pine Bluff, Ark.). Universal mix is 45% Peat 
moss, 45% bark, 5% perlite, 5% vermiculite. Environmental 
conditions for greenhouse maize cultivation are typically 16 
hour days (average light intensity 600 umol mis'), day 
time temperature of 80-86° F., night time temperature 
70-76° F and relative humidity greater than 50%. Plants are 
placed on 2" platforms to avoid contact with the greenhouse 
floor. Plants are hand watered until daily irrigation as 
required, then they are placed on irrigation drip. The irri 
gation schedule is 4 minutes every other day. Plants were 
routinely treated with insecticides to control pests. 

EXAMPLE 10 

Evaluation of Transgenic Maize Expressing 
OSMADS6-OST6PP-3 in the Greenhouse 

0249. The greenhouse evaluation is a controlled water 
stress experiment that quantifies ovule viability in water 
stressed and unstressed plants. Data from unstressed plants 
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represent the genotype's potential to set seed under ideal 
conditions. Data from water-stressed plants quantify kernel 
abortion that results from drought at the time of flowering. 
The results of these experiments can be predictive of field 
performance. We used this tool to select transgenic events 
for field evaluations. 

0250 Transgenic maize segregating for a single copy of 
the OsMADS6-T6PP-3 transgene were sown as above. 
Taqman analysis was used to divide the progeny into 
homozygous or hemizygous (containing OSMADS6 
OsT6PP-3) and azygous (lost the OsMADS6-OsT6PP-3) 
groups. These individuals were pollinated with JHAF031 
maize pollen to generate hybrid seed (KPOO188RAx 
JHAF031) for the greenhouse experiment. The hybrid seed 
were sown as above. Seedlings were transferred to 600 pots, 
above, and maintained using standard greenhouse proce 
dures until they reached the V6 growth stage (Ritchie et al., 
1997). All plants were treated with the systemic pesticide, 
Marathon, to reduce susceptibility to pests. Water stress was 
gradually imposed, using salt as the osmoticum (Nuccio et 
al. 1998). The salt consisted of sodium chloride/calcium 
chloride at a 10:1 molar ratio, delivered in 0.5x Hoagland's 
Solution, to prevent sodium-induced disruption of potassium 
uptake. Salt concentration in the irrigant was increased from 
50 mM to 100 mM to 150 mM every three days to give 
plants time to adjust to the salt. Plants were maintained on 
150 mM salt solution through the flowering period, typically 
two weeks, after which pots were thoroughly flushed with 
water and plants were returned to normal irrigation. This 
protocol typically reduced kernel set by 40-60%, compared 
to control plants that received no salt. 

0251 Typically 15-20 seed per transgenic event were 
Sown to generate a uniform seedling population. Plants were 
arranged in a complete, randomized block design consisting 
of six-eight replicates per treatment. Developing ears were 
covered with pollination bags before silk emergence. Pollen 
shed and silk emergence dates were recorded and individual 
ears were hand pollinated with donor pollen 5 days after silk 
emergence. Pollination bags were removed after completing 
all pollinations. Ears were harvested 30 days after pollina 
tions, and dried for 4 days to 15% moisture content. Ears 
were shelled and the kernels were counted and weighed. 

EXAMPLE 11 

Greenhouse Experiment 

0252) Two OsMADS6-T6PP-3 events were studied for 
their ability to set seed under water stress. Twenty-four 
hybrid seed (A188x.JHAF031) from each event were ger 
minated. Taqman analysis was used to establish Zygosity in 
each seedling. Hemizygotes and azygotes were analyzed 
using the greenhouse water stress protocol described above. 
In this experiment aZygote plants served as the benchmark. 
In these greenhouse experiments, the hemizygote plants 
could not be distinguished from the azygote plants. On 
average the water stress reduced kernel set by 42%. The data 
in these greenhouse experiments indicate the OsMADS6 
T6PP-3 expression cassette does not influence kernel set in 
maize in these particular greenhouse experiments and when 
evaluated by the above water stress protocols. 
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EXAMPLE 12 

Evaluation of Transgenic Maize Expressing 
OsMADS-T6PP-3 for Drought Stress tolerance in 

the Field 

0253 Hybrid seed were generated for each transgenic 
Event at the Syngenta Seeds field station in Kauai in late 
2004. T1 seed obtained by selfing the TO plant of the events 
was sown in four single-row plots, 12.7 feet long separated 
by 3 foot alleys with about 20 plants per row. Taqman 
analysis was used to divide the progeny into homozygous or 
hemizygous (containing OsMADS6-OsT6PP-3) and azy 
gous (lost the OsMADS6-OsT6PP-3) groups. In two of the 
single-row plots, hemizygous and azygous plants were 
destroyed and homozygous plants were selfed for seed 
bulking and also testcrossed to NP2043BT11 and 
NP2044 BT11. In the other two single-row plots homozy 
gous and hemizygous plants were destroyed and azygous 
plants were selfed and also crossed to NP2043BT11 and 
NP2044 BT11. The azygous and hemizygous testcross seed 
of the events was used to conduct field trials. 

0254. A field evaluation was conducted to test transgene 
performance in a controlled drought experiment. The experi 
ment was conducted at the Syngenta Crop Protection Facil 
ity in Visalia, Calif. in the summer of 2004. The planting site 
typically gets less than 3" of rainfall during the summer. The 
NP2043BT11 testcross seed, generated above, was used in 
this study. This population also contained the BT transgene 
to control insect pressure. A split-block design, with water 
ing regime as the main plots arranged in a randomised 
complete blocks and replicated three times, events as the 
Subplots, and in cases where there was seed of the azgous 
and hemizygous hybrids, genotype as Sub-Sub-plots was 
used. Two watering regimes were attempted: water-stressed 
and well-watered. Each plot consisted of two-rows, 17.5 feet 
long planted with 40 seeds per row. Alleys between ranges 
were 2.5 feet. Furrow irrigation was used to water the fields. 
Each treatment block had a dedicated irrigation source 
situated at one end of the field. The replication were 
arranged in Such a way that replication one was closest to 
and replication three was the furthest from the irrigation 
Source. After emergence, stand counts were taken and plots 
were thinned, as necessary, to establish field uniformity. 
0255 The well-watered block was thought to have been 
irrigated optimally throughout the experiment. The water 
stress block was watered optimally until plants reached 
approximately V, at which time water was withheld. Plants 
were returned to optimal irrigation after 90% silk emer 
gence. 

0256 After plants transitioned to reproductive develop 
ment, the 50% pollen shed date, the 50% silk emergence 
date, and leaf scrolling at early-, mid- and late-flowering 
were recorded for each plot. Plot Barreness was recorded 
three weeks after silking. 
0257 Plots were combine-harvested and grain yield and 
grain moisture were recorded. The data from hemizygous 
plots were compared to azygous plots, or wild type plots 
where necessary, to gauge the transgene's effect on yield. 
Results for seven OSMADS6-T6PP-3 events are shown in 
FIG. 28. The data show the OsMADS6-T6PP-3 transgene 
has a positive effect on yield in four of the seven Events. The 
yield gain is evident in both unstressed and drought-stressed 
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plots. For example in the drought-stressed treatment block 
the average yield for 5217 Events containing the transgene 
was 73 Bu?acre and the average yield for 5217 Events 
lacking the transgene was 54 Bu?acre. Results suggest the 
transgene improves kernel set by 25% in drought-stressed 
conditions. In the less stressed treatment block the average 
yield for 5217 Events containing the transgene was 132 
Bu/acre and the average yield for 52.17 Events lacking the 
transgene was 95 Bu?acre. Results suggest the transgene 
improves kernel set by nearly 28% in less stressed plants. 
The average yield calculated for each plot in the drought 
stressed treatment block was 72 Bulacre. The average yield 
calculated for each plot in the less stressed treatment block 
was 113 Bu?acre. The yield improvement due to the 
OsMADS6-T6PP-3 gene varies from Event to Event. It is 
observed in four of the seven Events tested, and is manifest 
in both less stressed and drought-stressed plants. Results 
from this field experiment demonstrate the effectiveness of 
the OsMADS-T6PP-3 transgene in stabilizing kernel set in 
drought stressed maize. 

EXAMPLE 13 

Evaluation of Transgenic Maize Expressing 
OSMADS-T6PP-3 for Yield in the Field 

0258 Hybrid seed was generated for each transgenic 
Event at the Syngenta Seeds field station in Kauai in late 
2004. T1 seed obtained by selfing the TO plant of the events 
was sown in four single-row plots, 12.7 feet long separated 
by 3 foot alleys with about 20 plants per row. Taqman 
analysis was used to divide the progeny into homozygous or 
hemizygous (containing OsMADS6-OsT6PP-3) and azy 
gous (lost the OsMADS6-OsT6PP-3) groups. In two of the 
single-row plots, hemizygous and azygous plants were 
destroyed and homozygous plants were selfed for seed 
bulking also testcrossed to NP2043BT11 and NP2044 BT11. 
In the other two single-row plots homozygous and hemizy 
gous plants were destroyed and azygous plants were selfed 
and also crossed to NP2043BT11 and NP2044 BT11. The 
aZygous and hemizygous testcross seed of the events was 
used to conduct field trials. A series of yield trials were 
conducted in several mid-West locations to test transgene 
performance under conditions typically used by growers. 
The XPOO188RAXNP2043BT11 material, generated 
above, was used in late maturity Zones and the 
XPOO188RAXJHAF431B material, generated above, was 
used in early maturity Zones. These populations also con 
tained the BT transgene to control insect pressure. The 
experimental design consisted of randomised complete 
blocks with three replications. Each experimental unit con 
sisted of two-row plots, 17.5 feet long planted with 34 
kernels per row. Ranges were separated by 3 foot alleys. 
Events for which there was seed of both the azygous and the 
hemizygous hybrids, randomization was restricted to keep 
the azygous and hemizygous hybrids of the events in neigh 
boring plots. Most Events were evaluated in eight to nine 
locations. Event 5124 was evaluated in three locations. After 
emergence, stand counts were taken and plots were thinned, 
as necessary, to establish field uniformity. During the grow 
ing season plots were evaluated for intactness, greensnap, 
root lodging, heat units to 50% pollen shed and heat units to 
50% silking. 
0259 Plots were Combine-harvested and grain yield and 
grain moisture were recorded. The data from hemizygous 
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plots were compared to azygous plots, or wild type plots 
where necessary, to gauge the transgene's effect on yield. 
The data shows that the OsMADS6-T6PP-3 transgene does 
not significantly affect yield in this experiment. There are 
two factors to consider. First the standard deviation for grain 
yield in this experiment was 15-20% of the mean. This is not 
unusual. Second, growth conditions in the mid-West were 
ideal for maize in 2004. Depending on location yields in this 
experiment averaged from 90 to 130 Bu?acre. Results from 
this field experiment indicate the OsMADS-T6PP-3 trans 
gene did not cause yield drag. 

EXAMPLE 1.4 

Transformation 

0260 Once a nucleic acid sequence of the invention has 
been cloned into an expression system, it is transformed into 
a plant cell. The receptor and target expression cassettes of 
the present invention can be introduced into the plant cell in 
a number of art-recognized ways. Methods for regeneration 
of plants are also well known in the art. For example, Ti 
plasmid vectors have been utilized for the delivery of 
foreign DNA, as well as direct DNA uptake via electropo 
ration, microinjection, and microprojectiles. In addition, 
bacteria from the genus Agrobacterium can be utilized to 
transform plant cells. Below are descriptions of representa 
tive techniques for transforming both dicotyledonous and 
monocotyledonous plants, as well as a representative plastid 
transformation technique. 
0261 A. Transformation of Dicotyledons 
0262 Transformation techniques for dicotyledons are 
well known in the art and include Agrobacterium-based 
techniques and techniques that do not require Agrobacte 
rium. Non-Agrobacterium techniques involve the uptake of 
exogenous genetic material directly by protoplasts or cells. 
This can be accomplished by PEG or electroporation medi 
ated uptake, particle bombardment-mediated delivery, or 
microinjection. Examples of these techniques are described 
by Paszkowski et al., EMBO J. 3: 2717-2722 (1984), 
Potrykus et al., Mol. Gen. Genet. 199: 169-177 (1985), 
Reich et al., Biotechnology 4: 1001-1004 (1986), and Klein 
et al., Nature 327: 70-73 (1987). In each case the trans 
formed cells are regenerated to whole plants using standard 
techniques known in the art. 
0263 Agrobacterium-mediated transformation is a pre 
ferred technique for transformation of dicotyledons because 
of its high efficiency of transformation and its broad utility 
with many different species. Agrobacterium transformation 
typically involves the transfer of the binary vector carrying 
the foreign DNA of interest (e.g. pCIB200 or pCIB2001) to 
an appropriate Agrobacterium Strain which may depend on 
the complement of vir genes carried by the host Agrobac 
terium strain either on a co-resident Tiplasmid or chromo 
somally (e.g. strain CIB542 for pCIB200 and pCIB2001 
(Uknes et al. Plant Cell 5: 159-169 (1993)). The transfer of 
the recombinant binary vector to Agrobacterium is accom 
plished by a triparental mating procedure using E. coli 
carrying the recombinant binary vector, a helper E. coli 
strain which carries a plasmid such as pRK2013 and which 
is able to mobilize the recombinant binary vector to the 
target Agrobacterium strain. Alternatively, the recombinant 
binary vector can be transferred to Agrobacterium by DNA 
transformation (Höfgen & Willimitzer, Nucl. Acids Res. 16: 
9877 (1988)). 
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0264 Transformation of the target plant species by 
recombinant Agrobacterium usually involves co-cultivation 
of the Agrobacterium with explants from the plant and 
follows protocols well known in the art. Transformed tissue 
is regenerated on selectable medium carrying the antibiotic 
or herbicide resistance marker present between the binary 
plasmid T-DNA borders. 
0265 Another approach to transforming plant cells with 
a gene involves propelling inert or biologically active par 
ticles at plant tissues and cells. This technique is disclosed 
in U.S. Pat. Nos. 4,945,050, 5,036,006, and 5,100,792 all to 
Sanford et al. Generally, this procedure involves propelling 
inert or biologically active particles at the cells under 
conditions effective to penetrate the outer surface of the cell 
and afford incorporation within the interior thereof. When 
inert particles are utilized, the vector can be introduced into 
the cell by coating the particles with the vector containing 
the desired gene. Alternatively, the target cell can be Sur 
rounded by the vector so that the vector is carried into the 
cell by the wake of the particle. Biologically active particles 
(e.g., dried yeast cells, dried bacterium or a bacteriophage, 
each containing DNA sought to be introduced) can also be 
propelled into plant cell tissue. 
0266 B. Transformation of Monocotyledons 
0267 Transformation of most monocotyledon species 
has now also become routine. Preferred techniques include 
direct gene transfer into protoplasts using PEG or electropo 
ration techniques, and particle bombardment into callus 
tissue. Transformations can be undertaken with a single 
DNA species or multiple DNA species (i.e. co-transforma 
tion) and both these techniques are suitable for use with this 
invention. Co-transformation may have the advantage of 
avoiding complete vector construction and of generating 
transgenic plants with unlinked loci for the gene of interest 
and the selectable marker, enabling the removal of the 
selectable marker in Subsequent generations, should this be 
regarded desirable. However, a disadvantage of the use of 
co-transformation is the less than 100% frequency with 
which separate DNA species are integrated into the genome 
(Schocher et al. Biotechnology 4: 1093-1096 (1986)). 
0268 Patent Applications EP 0 292 435, EP 0 392 225, 
and WO 93/07278 describe techniques for the preparation of 
callus and protoplasts from an elite inbred line of maize, 
transformation of protoplasts using PEG or electroporation, 
and the regeneration of maize plants from transformed 
protoplasts. Gordon-Kamm et al. (Plant Cell 2: 603-618 
(1990)) and Fromm et al. (Biotechnology 8: 833-839 
(1990)) have published techniques for transformation of 
A188-derived maize line using particle bombardment. Fur 
thermore, WO 93/07278 and Koziel et al. (Biotechnology 
11: 194-200 (1993)) describe techniques for the transforma 
tion of elite inbred lines of maize by particle bombardment. 
This technique utilizes immature maize embryos of 1.5-2.5 
mm length excised from a maize ear 14-15 days after 
pollination and a PDS-1000He Biolistics device for bom 
bardment. 

0269 Transformation of rice can also be undertaken by 
direct gene transfer techniques utilizing protoplasts or par 
ticle bombardment. Protoplast-mediated transformation has 
been described for Japonica-types and Indica-types (Zhang 
et al. Plant Cell Rep 7: 379-384 (1988); Shimamoto et al. 
Nature 338: 274-277 (1989); Datta et al. Biotechnology 8: 
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736-740 (1990)). Both types are also routinely transform 
able using particle bombardment (Christou et al. Biotech 
nology 9: 957-962 (1991)). Furthermore, WO 93/21335 
describes techniques for the transformation of rice via 
electroporation. 

0270 Patent Application EP 0 332 581 describes tech 
niques for the generation, transformation and regeneration 
of Pooideae protoplasts. These techniques allow the trans 
formation of Dactylis and wheat. Furthermore, wheat trans 
formation has been described by Vasil et al. (Biotechnology 
10: 667-674 (1992)) using particle bombardment into cells 
of type C long-term regenerable callus, and also by Vasil et 
al. (Biotechnology 11: 1553-1558 (1993)) and Weeks et al. 
(Plant Physiol. 102: 1077-1084 (1993)) using particle bom 
bardment of immature embryos and immature embryo 
derived callus. A preferred technique for wheat transforma 
tion, however, involves the transformation of wheat by 
particle bombardment of immature embryos and includes 
either a high Sucrose or a high maltose step prior to gene 
delivery. Prior to bombardment, any number of embryos 
(0.75-1 mm in length) are plated onto MS medium with 3% 
sucrose (Murashiga & Skoog, Physiologia Plantarum 15: 
473-497 (1962)) and 3 mg/1 2.4-D for induction of somatic 
embryos, which is allowed to proceed in the dark. On the 
chosen day of bombardment, embryos are removed from the 
induction medium and placed onto the osmoticum (i.e. 
induction medium with Sucrose or maltose added at the 
desired concentration, typically 15%). The embryos are 
allowed to plasmolyze for 2-3 hours and are then bom 
barded. Twenty embryos per target plate is typical, although 
not critical. An appropriate gene-carrying plasmid (such as 
pCIB3064 or pSG35) is precipitated onto micrometer size 
gold particles using standard procedures. Each plate of 
embryos is shot with the DuPont Biolistics(R helium device 
using a burst pressure of ~1000 psi using a standard 80 mesh 
screen. After bombardment, the embryos are placed back 
into the dark to recover for about 24 hours (still on osmoti 
cum). After 24 hrs, the embryos are removed from the 
osmoticum and placed back onto induction medium where 
they stay for about a month before regeneration. Approxi 
mately one month later the embryo explants with developing 
embryogenic callus are transferred to regeneration medium 
(MS+1 mg/liter NAA, 5 mg/liter GA), further containing the 
appropriate selection agent (10 mg/l basta in the case of 
pCIB3064 and 2 mg/l methotrexate in the case of pSOG35). 
After approximately one month, developed shoots are trans 
ferred to larger sterile containers known as “GA7s which 
contain half-strength MS, 2% sucrose, and the same con 
centration of selection agent. 
0271 Transformation of monocotyledons using Agrobac 
terium has also been described. See, WO 94/00977 and U.S. 
Pat. No. 5,591,616, both of which are incorporated herein by 
reference. See also, Negrotto et al., Plant Cell Reports 19: 
798-803 (2000), incorporated herein by reference. 

EXAMPLE 1.5 

Use of Expression Cassettes of the Present 
Invention to Confer Abiotic Stress Tolerance in 

Plants 

0272. Once initiated, maize female spikelets are by defi 
nition metabolic sinks. They require a nutrient stream con 
sisting of carbohydrate, amino acids, cofactors, minerals and 
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other material from source tissues to fuel development. 
Source tissues include leaves, roots, the stalk and other 
vegetative plant parts. Much of what arrives at each spikelet 
is rapidly consumed, being converted to cell wall material, 
protein, lipids, nucleic acids etc. Very little is held in reserve. 
0273. The nutrient stream subsides during periods of 
abiotic stress. This stress is imposed by a number of stimuli 
including drought, cloud cover, temperature extremes and 
soil nutrient depletion. Spikelet development continues 
despite growing conditions, relying on reserves for energy 
and raw material. Reserves maintain development for, at 
most, a few days. If the abiotic stress period is prolonged 
reserves are depleted and spikelet development ceases. The 
result is kernel abortion and reduced yield. 
0274 The OsMADS expression cassettes of the present 
invention can be used to increase the sink strength in female 
spikelets by fusing them to genes that function to increase 
sink strength. These genes include a Sucrose transporter, 
invertase, and trehalose metabolism genes. Many of these 
genes are not highly expressed in early spikelet develop 
ment. Early and specific expression in the reproductive 
organs of plants, spikelets for example, of any of these genes 
will improve spikelet nourishment without detriment to 
other plant organs. Improved nutrition will enable spikelets 
to complete their developmental cycle and become compe 
tent for fertilization during ideal growth conditions and, 
importantly, during prolonged periods of abiotic stress. 
0275 Carbon arrives at developing spikelets as sucrose. 
Spikelets have limited ability to utilize sucrose because 
enzymes facilitating its entry into metabolism are not highly 
expressed. These enzymes include Sucrose transporter(s) to 
aid uptake of sucrose unloaded from the phloem. The 
OSMADS expression cassettes can increase Sucrose trans 
porter levels in the transmitting and other maternal tissue. 
Imported Sucrose fuels development and excess Sucrose is 
incorporated into starch and vacuolar reserves. Increased 
starch and Sucrose reserves better enable spikelets to com 
plete development during prolonged periods of abiotic 
StreSS. 

0276 Carbon nutrition can also be enhanced via 
increased invertase expression. This enzyme family cleaves 
Sucrose into glucose and fructose. Both monosaccharides 
can be accumulated to high levels and rapidly enter carbon 
metabolism. The OSMADS expression cassettes of the 
present invention can be used to increase glucose and 
fructose levels in the apoplastic regions of spikelet and other 
maternal tissues via expression of an apoplastic or cell wall 
invertase. The monosaccharides enter cells and carbon 
metabolism more readily than Sucrose. Facilitated Sucrose 
utilization should increase Sucrose unloading from the 
phloem, and carbon availability to developing spikelets. 
0277 Similarly, carbon nutrition in the cytosol of devel 
oping spikelets can be enhanced via expression of a cyto 
Solic or neutral invertase. This enzyme cleaves Sucrose in the 
cytosol, facilitating entry into carbon metabolism. The 
OSMADS expression cassettes of the present invention can 
increase neutral invertase expression in developing spike 
lets. The increased Sucrose utilization in the cytosol, in 
transmitting and related spikelet tissue increases Sucrose 
demand and thus, Sucrose import from the apoplast. 
0278 Carbon availability and abiotic stress resistance in 
developing spikelets also can be enhanced via expression of 
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a vacuolar or soluble acid invertase. This enzyme cleaves 
Sucrose into fructose and glucose in the vacuole, making the 
carbon available for energy metabolism. Sucrose conversion 
into glucose and fructose also increases the Solute potential 
of the cell, enabling it to maintain water and thus, turgor 
during periods of drought. This allows spikelets to continue 
developing despite decreased water availability. Again, the 
OSMADS expression cassettes of the present invention can 
increase expression of vacuolar or soluble acid invertase in 
developing spikelets for the purpose of enhancing abiotic 
stress tolerance. 

0279 The trehalose pathway functions to regulate carbon 
partitioning between primary metabolism and starch synthe 
sis. Up-regulation of this pathway directs carbon towards 
starch synthesis. The OsMADS expression cassettes of the 
present invention can be used to drive expression of treha 
lose-6-phosphate synthase, trehalose-6-phosphate phos 
phatase and trehalase in developing spikelets, thereby 
increasing sink strength and starch synthesis in those tissues. 
Maintenance of a large starch pool better enables developing 
spikelets to withstand prolonged periods of abiotic stress and 
complete their development cycle. 
0280 Although the foregoing invention has been 
described in some detail by way of illustration and example 
for purposes of clarity of understanding, it will be obvious 
that certain changes and modifications may be practiced 
with the scope of the present invention. 
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SEQUENCE LISTING 

The patent application contains a lengthy “Sequence Listing section. A copy of the “Sequence Listing is available in 
electronic form from the USPTO web site (http://seqdata.uspto.gov/?pageRequest=docDetail&DocID=US20070006344A1). 
An electronic copy of the “Sequence Listing will also be available from the USPTO upon request and payment of the 
fee set forth in 37 CFR 1.19(b)(3). 

1) An expression cassette for expression nucleic acid 
molecule product in the reproductive tissue of a plant 
comprising: 

a) a promoter, a first exon; a first intron, and a second exon 
of a MADS gene, wherein said promoter, first exon, 
intron, and second exon are the 5'-regulatory sequence 
of said expression cassette; wherein said 5'-regulatory 
sequence has been engineered to include a translational 
initiation codon at approximately the 3' end of said 
5'-regulatory sequence, and not to contain restriction 
endonuclease sites that hinder manipulation by recom 
binant DNA methods or additional translation initiation 
codons upstream of said translation initiation codon; 

b) a 3-regulatory sequence of a MADS gene; and 

c) a nucleic acid molecule operably linked to said 5'-regu 
latory sequence and said 3'-regulatory sequence. 

2) The expression cassette of claim 1, wherein the product 
of said nucleic acid molecule when expressed in a plant 
makes said plant abiotic stress tolerant. 

3) The expression cassette of claim 1, wherein when 
expressed in a plant the product of said nucleic acid mol 
ecule increases the sink strength in said reproductive tissue 
of said plant. 

4) The expression cassette of claim 3, wherein said 
nucleic acid is a molecule selected from the group consisting 
of a Sucrose transporter gene, an invertase gene and a 
trehalose metabolism gene. 

5) (canceled) 
6) The expression cassette of claim 3, wherein said 

nucleic acid molecule is a RNA interference molecule 
directed against an invertase gene or a trehalose metabolism 
gene. 

7) The expression cassette of claim 4, wherein said 
nucleic acid molecule is a T6PP gene. 

8) The expression cassette of claim 6, wherein said 
nucleic acid molecule is depicted by SEQ ID NO. 531. 

9) The expression cassette of claim 1, wherein said 
expression cassette is depicted by SEQ ID NO. 532. 

10) The expression cassette of claim 1, wherein said 
expression cassette is depicted by SEQ ID NO. 536, 537, 
538, or 539. 

11) The expression cassette of claim 2, wherein said 
nucleic acid molecule is a trehalose metabolism gene. 

12) The expression cassette of claim 2, wherein said 
nucleic acid molecule is a RNA interference molecule 
directed against a trehalose metabolism gene. 

13) A recombinant vector comprising the expression 
cassette of claim 1. 

14) A transgenic plant cell comprising the expression 
cassette of claim 1. 

15) A transgenic plant comprising the transgenic plant cell 
of claim 14. 

16) A transgenic plant according to claim 15, wherein said 
plant is a monocot plant. 

17) A transgenic plant according to claim 15, wherein said 
plant is a maize plant. 

18) A transgenic plant according to claim 15, wherein said 
plant is a rice plant. 

19) Seed from the transgenic plant of claim 15. 
20) Seed from the transgenic plant of claim 16. 
21) Seed from the transgenic plant of claim 17. 
22) Seed from the transgenic plant of claim 18. 
23) Plants containing the expression cassette according to 

claim 1. 
24) An expression cassette comprising a 5'-regulatory 

sequence selected from the group consisting of SEQ ID 
NOS. 6, 12, 20, 28, 506, 34, 39, 43, 47, 51, 55, 59, 63, 67, 
71, 75, 79, 83, 87, 91, 95, 99, 103, 107, 111, 115, 119, 123, 
127, 131, and 526 and a 3'-regulatory sequence selected 
from the group consisting of SEQ ID NOS. 10, 16, 24, 30. 
507, 36, 40, 44, 48, 52, 56,60, 64, 68,72, 76, 80, 84, 88,92, 
96, 100, 104, 108, 112, 116, 120, 124, 128, 132, and 527. 

25) A method of constructing an expression cassette 
comprising the steps of: 

a) selecting a target gene; 
b) identifying the open reading frame on said target gene 
cDNA; 

c) identifying the positions of the translational start 
codon, translational stop codon, the first intron, first 
exon, second exon, the 3'untranslated sequence and the 
3"nontranscribed sequence of said target gene g|DNA by 
using the cDNA to annotate said target gene g|DNA; 

d) constructing a 5'-regulatory sequence comprising said 
promoter, first exon, first intron, and second exon and 
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a 3-regulatory sequence comprising the 3'-untranslated 
sequence and the 3'-nontranscribed sequence; and 

e) operably linking a nucleic acid molecule to said 
5'-regulatory sequence and said 3'regulatory sequence 
of said expression cassette, wherein said nucleic acid 
molecule is expressed in a manner that mimics the 
expression of said target gene. 

26) The method of constructing an expression cassette 
according to claim 25, wherein said target gene is a MADS 
gene. 

27) The method of constructing an expression cassette 
according to claim 25, wherein said nucleic acid molecule is 
a Sucrose transporter gene. 

28) A method of constructing an expression cassette 
according to claim 25, wherein said nucleic acid molecule is 
an invertase gene. 

29) A method of constructing an expression cassette 
according to claim 25, wherein said nucleic acid molecule is 
a trehalose metabolism gene. 

30) A method of constructing an expression cassette 
according to claim 29, wherein said trehalose metabolism 
gene is a trehalose-phosphate synthase gene, a trehalose-6- 
phosphate phosphatase gene or trehalase gene. 

31) A method of constructing an expression cassette 
according to claim 28, wherein said invertase gene is a 
soluble acid invertase gene, a soluble neutral invertase gene 
or an insoluble acid invertase gene. 

32) The method of constructing an expression cassette 
according to claim 25, further comprising the step of engi 
neering a translational initiation codon at approximately the 
3' end of said 5' regulatory sequence. 
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33) The method of constructing an expression cassette 
according to claim 25, further comprising the step of engi 
neering said expression cassette to not contain restriction 
endonuclease sites that hinder manipulation by recombinant 
DNA methods or additional translation initiation codons 
upstream of said translation initiation codon. 

34) A method of conferring abiotic stress tolerance to a 
plant comprising the steps of constructing an expression 
cassette comprising 5'-regulatory and 3'-regulatory 
sequences of the MADS gene family. 

35) A method of constructing an expression cassette 
according to claim 25, wherein said 5' regulatory sequence 
is selected from the group consisting of SEQID NOS. 6, 12, 
20, 28,506,34, 39, 43,47, 51, 55, 59, 63, 67, 71, 75,79, 83, 
87, 91, 95, 99, 103, 107, 111, 115, 119, 123, 127, 131, and 
526. 

36) A method of constructing an expression cassette 
according to claim 25, wherein said 3'-regulatory sequence 
is selected from the group consisting of SEQID NOS. to, 16, 
24, 30,507, 36, 40, 44, 48, 52, 56,60, 64, 68,72, 76,80, 84, 
88, 92, 96, 100, 104, 108, 112, 116, 120, 124, 128, 132, and 
527. 

37) A method of constructing an expression cassette 
according to claim 25, wherein said target gene is selected 
based on its expression data. 

38) A maize plant expressing a trehalose 6 phosphate 
phosphatase gene under the control of a promoter, a first 
exon; a first intron; and a second exon of a MADS gene. 


